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UDC 69(063)31621,22

NEWEST DEVELGHIMENTS, PLANS, CONCEPTS IN HYDROELECTRIC CONSTRUCTION OUTLINED

ZEhport on moating by V. Kh. Gol'tsman, Candidate of Technical Sciaences:
“Scientific-Technical Progress in Hydroclectric Construction"; Moscow.

Gidrotekhnichnskoye Stroitel'stvo, Russian, No 6, June 1972, pp 54-5g7

In Decamper 1971 a meeting of the tecknical and scientific coune
cils of the NIS Zgbiontific Ragsarch Daspartment/ for Problems of Ssisntific-
Technical Davelopment in the Field of Water Power and Hydraulic Structurcs
was convened at the All-Union Planning, Surveying, and Scientific Research
Institute imeni S, Ya., Zhuk (Gidroproyakt).

In an opening address the instituta's chief engineer, I. L. Sapir,
pointed out the naed to determine the basic goals of scientific rocsearen
and design in tho field of water powor. Tuenty-four raports wers presented
and discussed, This report outlines the most interesting spezcihaes since
it is not possible to prasent them here in tHeir entirety, 127

Tho report of candidate of technical scisnces 8+ Lo Erlekhman was
dovoted to roscarch results in the field of long~-term scientific and tecn-
nical prognostications concarning the development of domsstic water pouwer
ur to the ysar 2000. Tho enormous economic potential of the USSR's hydrau-
lic pouwer rosuurcas has barcly bogun to be exploited and no more than 20
percent will-vo in usa by 1980,

The grouth of eloctric powsr production in our country will be
8ccompaniod by a rapid increase in the variable loads and stresses on the
fuél=powor bzlance in conjurction with a docrease in the maneuvercbility

1+ According to the materisls of the enlarged sassion of the Gidrcproyekt
tochnical council, '

‘2, Readers dosiring more dotailed, spocific mato-ial are reforrod tn Lho
Gidroproyokt Ingtituto's technical soction (Movcow, A=E0, Volokolamskoyo
Highway, 2),
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of thormal cloctric powsr stations (TES) and nuclear powor stations (AES),
Up to two=thizda of all the work=forca incrcase would have to bo emplovod
in oleciric pcwor production by tha ond of tho century in crdor to maintain
tho curront indicators of labur productivity and fuol oxpoerdituroa.

The problom of sharply incrossing tho labor paodustivity lovol
can be rosolvad only by rapid tochnical progross in thormal end nucloar
power production combired with tha makimum usa of hydraulic resourccs that
nature is conzitantly rcplzecing., The devolopmant of watcer pouwar is one of

.

/” the manifostations of tochnical progress in the natiocn's powar systea and
4 it has a favorable influance on water conssrvation, ccolegy, and social
conditions, i ‘ 1

. The devslopmantzl rate of water pouer depends on the current level
of financing, A 5=7 porcent incroase in this leval is anticipatad during
the Pive-year plan and this will probably increase tho hydroelsctric pouar
output to GO0 billion kilowatt-houxs by tho yaar 2000, Houwavaer, if tha wate
of hydroslectric construction is close to ihs average capital investmant
growth rats in the national eccnoiny (30-35 puozcent during the five-yaax
plan), thic figure may be larger. - '

The nopms ond criteria of cconomic calculations areatly influcncu
the dovelopmont of this sector. Tha futura retention of undscstated gata
concerning fusl expendituros, hich profit rorms (12 poroant on supplinane
tary expcndituras), and credit payments (8 porcent) will neodlessly iimit
the construction of a number of mow hydroeloctzic powor stations (czs).

. Considerinc tha increzscd reductions in living labor (700~900 percent come
- pared with TES3 and the fuel base) and tho culculations concerning accumu=
lation norms which sre ro higher than thosa used abroad, the expandad use
of hydraulic power resources is oconomically justified.

Candidate of tschnical sciences B. L, Baburin reportod on the .
trands in the develoomznt of methods of substaontiating the efficiency of :
hydroelcctric powsr consiruciion, Hydroalociric powar is characterizac by
high labor productivity and variod national sconomic effectse Tha cchnstruc-
tion and operation of GESs during the 1951-~1963 period required 50 percent
less labor expendituras than the replacemont of tha GES constzusiion pregran
by a hact and cloctric powar station censtruction progzem (éud millicn
man=days compared to 9.3 billion man-days on a version of' 4 TES togeiher i
with a fuel base). Tho living labor conservation factor will play an impor= i
tant role in the future development of our nation's gcononics.
i An analysis of the afficiency of hydroeloctric constructicn shows

1 tha profitubiliiy ol GES construction. 1Tho GES profits Tar the 1986-1558
| poriod comprise 45 pescont of the profits ferom the operation oi" all clzcircic
\ power stations whilo the GES production accountod for cnly 1§ scrcont of

tho total production., A TES carns 19 kopoccks of profit gur rublo of pro=-
be N duction whilo a GES corns 73 “opccks, almost four timos marae ALl this is
; still not fully roflccted in economic computation mothods. Thus, in tha :
i fuiure it will bo nocossary must of gll to focus attuntion on tho calcuiaticn ¢
&i
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of living-lubor ugpmndituéu:, tho higiher lubor.produstivity of (ilSs come
parud to TEYs, and the influcice of hydraullc Zanstruction on a'l now
rogiens and on the cost of lund usod for watur resorveiss, taking into con-
siduration ths optimum uce of both land and water cavourcos.

A, G. Yaokooson ruported on thu sama topic and offarcud axamples to
cenfin Sags tho inplementotion of a method of detormining tho cconcmic
afficiansy 9% GLUs wetld nuka it possiblo lo repay construction scsts over
longor parious, ncl congidering the fact that outside those peniods the
Gtsa would producc very insxsensive elsectric powsr over a period of years. ;
Thi fane shat buildiog many of thn largsst GESs oniuils the picnosedng f
govclopment of remote arcas i not takon into considoration. It would .
be corzest o vicw this type of expendituro includid in a GES's cstimatod
costs a5 cvate oxponditures rolutod to thne entirs complex of fuiuve indus-
trial consirusticn,.

: Tho cxpenditures that ars actually not made by the buildars but
that ara automatically included in tho stato budget are included in ths
GZS coet ostimzbtun, Such expenses in the motor vehicle transportation

field arsa twicu &5 high as tha expenditurcs actually borne by &ic buildors.
— etma . 3 A n - . - oo \
Tho cifiorence bolusan tham is trensfecccd into tho buugete Tha situaticn ~

is zimilanr vor elestric power expendituxcs. Vary inoxponsive pouer is
procduacd after Lho comniscioning off a projactts first unit, but its cast
is calculatud acecoding to an increascd scihwedulo and tho differonce is
sansverred into tiha budgat. In tha coses mantioncd thare have Loan unnzce
‘eeacry expenditurco included in Lhe estimates that have unjustificbiy
docroascd tiho conciructicn efficiamey. The elimimation of such oxmerdituras
froin GES concixructiicn cost ectimates in dotarmining thoir efficirney wauld
facilitats ths creation o more accurate picturaes of capital investmant uc:,

Doctoir of technicel sciencos Y. Me Lyetkhor raportad on tha Gidooe
proyshit cperations in tho arca o? soviocmic stibility and structural dynenics,
Tue toencs ore being developed: the firat involves predicting tha intensicy
of soismic cclivity with rsgard for a region's gzoliogical structurs, tha
meesanical echiaractoristics of matorials, and tha influcnce o waiar rescr=
voirs under canstrtction. Tihc second trond is tha building of madsls and ;
tho celeuvlation ol strosses and strains on the structures ducing seismic i
activitios, -Tinis has ontciled tha classification of runlons wccording to ‘
govicgical=tocctonis cnd muchinicul indications that moke it sussivle to
golcot similar groundeiovengni accolaoragrams that ofPor tho Pirst indica-
tions of possiblo cctivity. Congsidering tho fact that this dcos not allouw
a su?Piciently orociswe evaluttion o tho paramntors of acismic activity,
dovolonnunt werk huis bogun on c likuly mothod of duscribing casthaualss
ard thols conacsucaces wocoxding to data cencerning tha reginnls dewp
guological structure that has buocon obtaincd by geooshysicusl aainicdie This
vill makae it poosiblo to build up a colleciion of possibla accoulorationns,
Spoocds, or dicglacocmants and cvaluate one or anothur of tho culiviiios!
parcmators. Still moro rofinud mothods of calculation and modol utilisce
tion ara boing dovelopod that arc immodiatoly dopondont un an arsiysis of
wiave cction in Joundaticns and structucios. Tho calculation of cctual core
ditions of structucal bshavior ars rovealing lorao roservoes oF currying
capucily ond can ofvor gubstuntial oconomic bonevits, .

-3~ _ '
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Important advancos havo beoon notad in the area of investignhing
and calculating the saiamic stubility of dama made of loczl matorials
and taking into conuidoration tho influence of interatitial liquid. g
ovorall upproach to the dynamic colculation of earthen damsz is base. ..o
‘ the follcwing situations.

A. A dam's stross condition is mada up of a static and a dynanmic
component. Tha first must bo obtained by calculating tho earth's sirain
and rheological characteristics and the second can be calculated and mocsllec
,f’ on the basis of equations that have bean linearized relative to a statically
4 strossod condition, ‘

- Be The dynamic effect can creats momentary prelimiting or pozi-
limiting (dopredelfnyye ili zapredolinyys) states and, in addition., tho
remaining doformations are the results of tho accumulated deformatiorial
flow during the postlimiting states.

The overall task consists of evaluating the earthen dams! Ffinal
deformations during tho oiven uctivity, The possibility of reducing i
water and gags-saturatcd materizl of sarthsn dams to a monophase elacz:ic
modium with generalizod elastic and dissipative constants is a decisive
factor,

, Doctor of technical sciencos Ne A, Malyshehev outlined the devolcsw
w:nt of 6wmustic dem comstruction. Alluvial dams had been built om louland
rivers only in the USSR until we used them on the Nile and Euphrates rivers;
more such dams will be built in the future. The simplest equipment will
be usqed to tuild tham and will have to be renswed and developed along with
the alluv:. - :echnology.

In the area of dam construction. from local materials we are expe=-
nencing chortcomings in the special equipment used to transport and plaze
the earth under construction-site congitions. Howaver, not much rosca-cn
is being done on laarning how the dams' cores will turn out whan they are ;
built by using explosives for earth moving and wa do not aqree that such .
dams should be built, A program of research and design should be planned
for both trends. o :

‘Dredges are now being succassfully used to make -xcavations in
cohesive soils. In tho futurc the high=production equipmcnat for alluvium
that we hava created and introduced can be usad to build dams from lczal
materials by hydrauiic transportation of crushod materials such as lifge
stone. Undar conditions such as are found in the norch when it is difiie
cult and expensive to work during the wintor it is possible to constouct
large dams, This mothod must be dovoloped, researched, and then coniidantly |
’ introducced, It is nacessary to davelop dam designs for tho north that :

take into consideration the difficulty of outdoor work. - o

The highast of the dams that have been built (bosidos the Nurok
dam that is under construction) are made of concrote. In tho futurc thoy

-l - K
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will Lo widoly usoed, but’ i'or the prosunt thoy must be deveiopud furlher.
The modern gravity dams hove lost thoir simplicily because of thair situ-

ration with various water-deainzgo oponings, the zoning {zorirovaniye) of
cancrote, and ths now high frest-rusisting and other requirctonts for
concretr., The simplicity or this tyss of dam should be rocovered and uso
mado nf cheapnr coments and atmixturcs as well as covorings to shivid thae
caoncouta from the sctivity of destirucstive fastors Tae dams' deareo of
gconary chould be sought not so much in the roducuion of cross=secticn or
docreasn in concrcte volumes as in the use of the cheapest materials and
producltion anthocs. .

we are still unsuccassful in building the most cconomical and
advantagacus arch dam, that best eoxploit natural conditions because of
faulcy engineering-gaological gxpiorntions. The incorrect evaluation of

" geological conditisns at the start aof the design phas. lator leads to

changes in the type of dam and considerable cost increaases, At presconi

thore are no technical difficultics in building multiarch and counteriort

dams; these types have proven themselves in Scandinavia.

In dam construction as a whole, it is nacessacy to increasc itho

- b

level cf econoamic work, climinats errers in selecting dam types, and nosise

all the asp~c*~,of pricing, For example, there is no necd to cuild hich
dams in aress uheve tha flow is fully regulated as was propesed for :ire

Kuopsayskaya GMS 40 kilomeiers below the Toktogul reservoir, undar thaese
conditions, having lain out an overfall on two levels, it is pcss icle to

G

_cut Zhe concrote volums in half and lower the amount of transport work con-

siderably. fconoric requirements demand objective examinations of the con-

ditions at esvery water facility.

Candidate in technical sciences V. S. Panfilov noted that the
important problems still include obtaining strong rock sides ans foundat
ensucing monolithic cencreie plzcemznt, dovaloping winterproof and dunable
concrote, voids in concrete caused by the rapid moveren®t of water through

it, the extant of coismic activity at the dams and adjacent rask mountains,

limitad bearing czpacity, and the charactaristics of structural Failura.

S
asu
izns

L. D. Léntyayev exzmined the problems of hydraulics and the hycro-

dynamics of high-grossure watzor outlets and noted that the existing func-
tions for calculating tho linking of racos according to the system fos
ejecting the flow rem tho outlet (tramplin) nozzle are obviously nccos-
sary in serious dc?initions inasmuch as tha data concerning full=-scalc

observations do not confirm®the recommendations tor calculating the distance
of cross=brace dofloction (oibros strun) or for tho degree of flow widuning.

Ocfinite difficultios arc prasant in calculations and tha laboratory wetol-

' mination of wcturcourso erosion while the main difficulty lios in builcing
a model of a crumbling mountain of rock,

-

Attention must bu focussed on the naed to dovelop functigns fer
tho quantitativo oveluation of tho erosicn procoss that ofcurs in codjuinc-
tion with cuvitation, the scouring of watorcoursus, and tho intarection of
structural elcmonts with tho flow.
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succasses in tho field of stugving
tho wmnachanica of difforuat typzs of roek will facilitato the sure and ofvi-
ciont dosign and conatruction o hich dams on roek toundations. Modern
mothods of fiold and laboratory rescareh and fullescals obscrvations of

rock foundations, mathods of czluulating tha strength and strosecs in rock
founcations and supports used for dams, colculations to dacormine tne sto-
bility of side slopos, and mothods of svaling largo rifts have benn dovelooo
and put into practice.
lems that require thcoretical and experimental resoarche

R. R, Ti2daol! raportod that our

A report from the Lengidroproyekt Zanaibly Leninjrad Planning,
Survsying, and Scientifie Rescarch Institutg/ engineers that was rood by
Neo L. ‘Triger noted our limitod experienca with the protiams of hydraulic
construction in parmafrost arcas. Howasver, tho future construction of
special-purpose hydroelectric powar stations on the norths=n rivers will
roquice the most swrious preparation and the completion of many tacks that
are presently baing studiod very little.

One important characieristic of some types of pernafrost is <
presence of internzl ice that has a great influsnce on tho long-term S
of 8 foundation. The must proveound moditications are requ.red for the
consiruction znd cpusation of cams and thoir resarvoirs under pormcirost
conditions. Thaoso modifications ars needed because of tne penetration of
water into the sarth snd the large gquantities of relative warmth that the
water carrios with it. In this regard an urgent nead has erisan for the
development of a method for the enginesring=-geological investigation of
these soils,

The woakest link in the construction of dams from local materials
in permafrost areas is connecting tihem with the foundation, banks, and
concrete structures., One of tho reasons for the damage to many dams is
filtration arising in the zones whare tho dam abuts the barks.

The inability to allow for the deterioration of old permafrost Iin
the zone whare the dems and resarvoirs come into contact with it makes tna
dasign work very difficult. In rock=-fill dsms there have baen cases whon
{ice has formed in the doun-stream section causing a dangerous neaving con-
dition there and o docroase in strength.

Many difficulties have been encountered in the eccastruction of
water outlets that are unsatisfactorily cmployed on tho constiruction of dams
because of the unknoun oifeccic of the uzrm water on the permarrost uwnere
thess tuo fTactors coxc into contact, 0One satisfactory solution is tihs con-
struction of uator outlets on piling with breastwerks (pazuxkhi) ta cool the
foundation which mekos it possible to incrcase the foundation's recistanco
to filtration end doterioration.

-

Tho deaigns for permafroat arecas must copo with the problem of
building antifiltratica barriers in the soils subject to filtration. A
complox situation dovolops when frozen and thawed arcas como into contact

-

ol Ea

Mono the less, thera are still many unresolved prooe .
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withvn Lho core of gurbhe=Fi1l unme and tha intecection hes still not bsea
sturicd, 10 addition, meacuros hove not boon duvelonod thal can warn of
Lhe ancw orf ssruun malerialvs loos of plasticity whun subjucted to bolow-

franzing tcmporoturau,

1t is alsu necussury Lo study tho soteling of o rock mountaint's
purperost as a result of thawing and duvalep muthods of predicting and
calculating it,

The task of creating the basic cquipment necded to instoll and
construct mechincs that will function dopsndably ab very low tumperatures
is esprcially impaortant, :

Tha prohblams of work trganization and preduction are decisively
important for furthoer comsiruyction progress undar tha savere conditions of

& i

the north and in the permufrust regions.

M. F. Krasil'nikov reported on the trends in developing wator=
pouer equipment for GESs and pumped storage electric powss plants (GAES).
Tha following trends are, to be found both im tha USSR and abroad in tha
area of hydraulic machins building: highor unit capacities, the aopesarance
of high-speed hydraulic turbines in the fieid of highor prassure N2aus,
tiha optimization of the equipmeont's power and cavitation gualitias, tna use
of nou types of hydraulic units (reversibla, capsule, with diagonal tusbinas,
with high-voltao:z geonerators. and others), gquality improvament, and increased
deponcabiiity and operating life for nydraulic units,

A comparison of modern hydraulic maciiine building in the USSR and
abroac raveals that cur nation produces vasiable~pitc- and Francis-type
urbinzs witih the lasgost dimensions and highest individual capzcities.
Howcver, we lag bohind tha best foreign firms in maximum pressure heads Vor
all types of turbinas, in quality somotimes, in procecsing finisncd and
production precision, and in the efficiency=factor level of variable=-pitch
and Francis=typo turbines.

Work has begun in the USSR on the creation of diagonal varicble=
pitch hydraulic turbinos and our spocialists havs cututripped foreign
rosearchess in developing models, e also have practically no experionce
in the deveiopmant and production of large reversibla hydraulic macainas,

. Our machine buildors face two main tasks. The first involves
higher quality, increasing tho doponcability and lowgiing the production
coais of water-poucr and olestrical-cngineering equipteat. ana exparding
unit dolivariecs. The sccond consists of croating and introducing new tvpes
of squipment, high-prossure gatos, and eiccirical=-cnginasring and mechani-
cal cquipment for the severae northern conditiens and wreas of consicderable

snismic activity.

Ke Ko Kuz'nmin presentod a report on tho development of grousing
and dosign decisions for (ESs. Im our mation, es sbruad, hydraulic sower
stations are quito often combinod with watur-outlol siructuras. 8Bcginning

-l
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in the 19405, tho separale groups of channolizec (ruslevyire) GSs ware
almost complotoly based on domastic construction practice. This is uxplainod
by the fact that these Ciis were built on large rivors whese a very long
spillway fronl woulc have led to high hydrauliz unit costs. Moroover, tuo
tynes of combinations wovae dufincis with prossurc-head watur outlots and

with spilluays. The use uf tho ficst cypo facilitated a ducrease of up to
30 parcent in ihe spilluay Front and Lhis Pigure incroasod to 50 percent

with the second. A GES built on, or adjacent to, a dam in a narrow canyon
could gat rid of tho exhoust water oxpodiently by routing it through tho

roof of the machimery builiding.

e,

The expcdiency of combinod groupings when used in conjunction with
draw-off facilities with shost draw-offs (like tho Aswan dosign) has also
been confirmed, Jesides this, *he broad application of unsorground GESs
in conjunction with high dams should be recommendad for the further reilince
ment of groupings. The same can pe said for the construction of tha forks
for the mixing structures? pipes inside the mountain, thus axploiting tha
effect of rock's eclastic rcsistance; the use of rivarbank Hixing groups
with foador tunncls Tor pressure hcads ranging from 40-80 metersy the uss
oi ferroconcrote spirzl chsmbess with T-shaped cross sections up to the
calculated pressures of 1030~120 meters and with round spirals in the mixing \
assembly for large-capacity units with high prescure heads; 2nd the othnr )
decisions that tfacilitate the more cemplete utilization of structural
volumes and materials,.

0. I. Zeyegofer ©told of the recantly-begun construction of spiral
' chambers made up of composite farroconcroie structures. These structures
O offer the only possibili:iy of overcoming the exceptional technical diffi.
culties encountered in developing a complotely-motal spiral for large units
with high pressura heacs. The introduction of a convoluted rod=-shaped shell
reinforced with a surrounding coating of consrzte helped to resolve this
problem, This design has boon used for the spiral chambers of the Charvak
and Nurek GESs and was developed ovar many yeacs of scientific research
and design work.

Ya. N. Vetukhnovskiy presented a report concerning the mechanical
equipment used for hycraulic units that drew attention to tha afforts that
have bcen dirceied towssd lowaring costs and increasing defandability. The
construction of structurcs on large rivers has required -z creation of
specicl-sizeg gates. For example, a cate with 8 110=-meicr opening and two
gate mechanisus with 1iTting cepacities of 200 tons each is t2ing instcllad
at the Volga cclta and a sagmented gate 40 meters wide with a height ol 14
meters is in use at the Vilyuysk GES. Such gates being designed feature
a yieid-pcint safaty factor cf 1.50 in the USS3, 1.02 in the USA, and 2.00
in the FRG.

‘ Wa have built gates for cn outlet of 25 square meters and 3 pros—
Y sure hoad of 99 mcters (krasnoyarsk), 30 square maters and an 85-meter
pressure head (Charvak), a gato with an area of 30 squaro moters is boine
installed for a prossure hoad of 110 maters (Nurck), and a gata of 20 sguara
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molers is beiny ducigned for © 220-mutor pressurd noad (1nguri piver). Now
typou of closuro uwsuomblics huvo posn croatnd for prescure haads up to 200
mutorye

1n cre--ing the mochanical gquipnont for high pzossu:d heads ting
problcms of coricsicn and cavitation bacone psprcially importans. The plants
produnin thia now enuipment must have averything naeded for tho nrocision
masnicine. salding, =nd anncaling of tha larad soctions. At the same timo

it is nocuessary to adjust the outnut of speot anc saction—shaped rolled

gteal with 2 high yiwld point that has been weldad officiantly and is eble

to function at temporatures ranging down to =60°C. ‘

Ve Fo palzkirev's spzach noted that the rosults of theoratical

and full=-size research into tho stability of gepsule hydraulic units havo
confirmed the presznce of sufficient stability and th2 pcssibility of safely
installing them in GES. The boginning of axparim:ntal—industrial-operatiun
of an experimantal high=voltzgs gangrator at the Skhodnya GES must be con-
gidered & great achisvemant pecause it has parmittod us to procecd touwasd
the technical design of @ 103,000 kilowatt, 165 kilovolt ganerator for ine
pnepro-GES-11. Work isﬂpruceeding on tho design of 220 kilovoli ganBrTaLurs.

Special attention should L€ focussed on tha proulems jnvelvad in
the further optim;zation of automatic gparation and control systems for GE0se
1he number of operational and administrativo porsonnal at GESs is still
extremoly large. The optimization of a control system for GESs must be
_accomplishad by davaloping auromatic control systems (ASU). A similar
axparimuntal ASU is already teing created at the Kigv GES=GAES and the

Kanav GES. The UM =NKh campuisr has besn used &S the basis Tor tho complcte
control and regulation system rncently introcuced at the Votkinsk GESe

There are plans to change over tO semiconductor units in the automation of
GLSs becauss of tho contactless logic clemerits that can replace the older
relay-contact elements.

L. 8, Sheynman reported on future trends in the design of water-

and prossura-accumulator installations. Considering th2 incroasad inequal=

ity betwean alectric load curves and the simultanocous decrease in capacity

flexibility on tho part of powsr-system equipmant, the noar futurs will sae

tha capacity of the uater-accumulato: power staticns in the fyrcncan pars

of tha USSR increasad to 40 million kilowattse In addition, 5avings will

amount to 500,000-680.000 tons of comparison fuel per 1 million kilowatts

of the GAESs' designed capacity. The roport listed the mathods omployed ;
to'store electric pouars hydraulic mothod at the usual type of GAES and : ;
thoso with subsuriace reservoirs and pnaumatic at gas-turbine or cir=- : i
tusbine irstallations. Various dotails of these systoms aré currcntly i
being studied, 7iho ysual typd of GAES requires improvead grouping snd dusian i
docisions, oquipriant, and construction mothods. Tho CAESs with ungerground !
.PQBOrVOirs require tho devolopmont of construction ogquipment and the coit= i
plotion of careful research and dosign worke in rogacd to the zir=storing ‘
installations that accumulate the conpressad air nocdod for tno oocration
of gus and turbine installations, 1ine -diagrams muct bo drawn up and basit
dovelopmontal trends dafinad.
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Moro work muust be dono to increase Lho capacitics of imdividuai

unils; incrocso the presaure hewds of ‘reveesidle units Lo GO0 maters; and B
uso GES rousorveirs, TLS /ihormal cicctric powor stationa couling ponus, ‘
and natural bocdavs of water for GACS basins. Additional offorts are ncoded
in providing conditions for the inctallation of reversible units at tho

GESs buing dusignud with hign pruussure heads, croating CALS3 with unidore: j
ground foscrveirs, and coveloping rosearch efforts at the operational :é
water=accumulatoy power stations, j

Y In tho field of developing air-accumulator installations it is
necossary to rsgulate the work, include it among the most important projrcts
of the State Comiittee for Sciencs ond Technology, sccurt the naeded £incr-
cing, dnd attract the necessary plants and scientifice-rcsearch organi:ationse.

Re 1. Bobrov read T, P. Dotsenko's report on the very efficient
application of combined layouts at tia large bodics of water associated :
with GESs and TESs and offored examples of those succegsiul combinations. '
The combining at op2 place or nearby places of GRESs /stato_regional clec-
tric pousr station/ anmd AESs /nuclear electric pouer planq§7 with GE55 and
GAESs in ordar to combins their use of water fecilitatas the simuliansous
use, relative to soms functicns, of o rumber of important and expensive
structures (For example, the reservoir of a GAES cam 5¢ alse used as o \
cooling-pond), Such sn arrangement alco mekes possible suastantial savings
of the scarcz water resvurces nzzded for the operction of laroe alestric
machinas and the oguaily~-scaree land resources for tha placemznt of tzsic
structures, reservoirs, roads, powsr-transmission linas, and sower-control

4 projects. A few regions have already besn examined where such a combination
E could lead to substantial cecreasos in capital investments,

I. I. Vaysblat reported on the progress in concrote operations.
There are plans to placa approximately 50 million cubic moters of concrote
for hydraulic installations, .

The progress in concrete work is divided into tuo stages, Tho
first stage involves ths dovolopment and implemcntation of the alrcady-
available progressiva decisions for concrete projecis (the Toktogul, Chii
keyskaya, and Ust?=Ilimsk GESs) in cooperation with the approzrsiate corc
plants in ordcr to achivve a productiviiy lovel approachine that of i
conccete plants in the UlA., Also of cocicorn are tho contlinuous~
concrete plants undar construction at tre Inguri and Sayanskaya
replacing of the ash-bearing part of caement; the industisial creation ans

-production of special transport systems -- concrete-currying motor trucks
" of varicus capscitics; the broad introduction of a coapletoly mechanizes
Toktogul-metincd of layesscd concreto placement snG Cadlce=Crans comsisuct
system vnat Tucilitatcs tho placomont of 47 cubic meters of coneress p
" hour each day; cantilave: (konsol'nyyo) and reinforccd metal and woode
A . metal forms; tha Tokicgul, Chirkeyskaya, and Inguri mcthods of imtradioc

e ™o work organiiation; and othors.

t

s}
~
-
%]

The socond stago involvos the furthor optimizod mcehanizaticn of
concrete opourations; the resolution of problomns oncouniorod in fusinur

.
.
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productivily incroosas at corisoto cperations, tho shortening of transport
linos, thn aimplificution of conustruction dusligns, tha subdivision of larga
concrutu oporaticns, and otiwrsy tho furthor rofinament ol transportation
focilitios and. on this Lasic, incroasing cencrotn transportalion dictances
without luzson of thoy cencratot's quality; tho creation and introduction of
now conatiruction mothords, including constant-7low muthods; now self=
aunpozling i'arme made of now motoricls; now methods of mechaniizing intra-
block cperations; tho croation of new machines and mechanisms for concrete
works and %0 on. :

‘Ae Go Oskolkev raported on work in the field of incroussing the
orficiorcy of materials fur hydrotechnical ccnstruction, Ue are presently
qaining brozd cepacitics in tho producticn of hydrotechnicel concretes of
the requirec ogalitv. Now varieties of consrcta have appeared such as
poured cocnerstes (inziuding lau=-cement concrates uith ash-bearing.admix:u:as),
lou=gravecl concretes, and concrotes with controlluble hardening periods.

The man-mads large acyregate Koramlit has been cruated from tha burning of
clay and parmits considerable cecreases in the amcunt of cement ussd in
high=strangtn concrete with a volumestric woight ;ungzng up ta 2,3 tons per
cubic meter, .

The fulfilmant of tho requireimcnts for hydrotechnical concrete.
including concrates for high dema, is impossible without quality controls
at all the stagaes o production, placing, and curing, up to the tims when
the structure is subjected to operational loads.

The use of nolymeric materials in hydrotechnical construction is
particularly interesting. It is used for water and heat insulation surgoses,
&8s an anticavitation and anticarrosion protective layer, and as elements
in such things as antifiltration devices and seals foo strain joimts. IT
they are to be more uwidely uscd, polymeric matcrials rust be more sctivaly
employed in desions and their economic eiiicicnecy cvsiuated, the moans must
~ be developed and croctod that will lead to tha mechanization of oporations

with the help of specialized organizations, and the most acceptablo selec=-
tion of polymoric matorials must be furnishad to the industrial enterprises.

Candidato of technicsl scionces V. 1. Vutsel!' reportad on the
sciontitic rescarch work concorning thu construction of dams from lacal
materials. Dams mado of local materials constituis S0 percent of sll tha
dams in the wor)d and the highast ono under construction is the 300-meter
Nurek dam, The dcuoigning of many important earthen dams has posed a rumber
of complox now problcms in Gonjunction with the introduction of now typos
of laboralory and fiold investigations of soil and stone matoerizls undar
high proussures. Tihis haa required the crestion o now oquipmant,

In carrying out tho scientific resaarch work the main trends in
‘its furthor devolopmont were dotorminad and formulatod, Those include tho

follouwing.

A. Tho fulfilmont of noneral uxparimontal rosearch for ithe covslon-
mant of basic methods of determining thu stability charactoristics of

.
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matorials used in latoral prizinae This is noodnd to corrolatd the rosults ;
of subjoctivo motheds umplaylng a varioty of laboratory equipmont. 1

0. Tho complatlon of laburatory ond ficld wazk in ordor to cvolu=
. clo objoctivoly tho di?faring sosults produccd by tho mathodu of computing |
dam side=slopa stability. In sddition, the dovalopmont of mothodic " direc- )

tions and programs fo@ computora is also naedod,.

C. Tho developmant of research nethods for the stress states, dis-
,,— tortions, and formation of fiscures in earthen cams and tho core of storc-
V4 @arth dams with rogard for their spatinl functions and the variability of
tho materials' mechznical characteristics, the consolidation processes,
and tha creep in constructing high dams. . .

" D. Dovelopmaent of a method of predicting settlement of a dam'‘s
crown during saismic activity when sgparato lateral sections may be snifind
to more stable positions without a great decrease in tha dam's operational

qualities. i

€. The devalopmant and creation of a floet of special machincs
for the construction of high dams from local materiols in mountainous arcos !
beccuse tha lack of these machinas strongly affects thz rates and quality ;
of the dums being built. L

V., G, Lebedav told about the tosic trends of scientifice-tochricel
progress in the design and construction of undarground hydrotochnical struc-
tures and noted tha constantly=-growing volume of underoround work in hydro-
technical construction. An anzlysis oi general inforracion concerninc
advanced underground work experience and future scientific andeavors in
this field has made it possibla to dotermina the basic trends of scientific-
technical progress in underground hydratschnical constructian,

The first trend is tho optimization of tha traditional blastholo
method of underground excavation and the construciion of rejular concrate
or ferroconcrete structures, areas having large untzppad potentials. In
the Pirst phase of optimizing this capability by dsvoloping the technclogy's
optimum parametors and increasing constructionis ozganizational leval, tne
speed of oxcavaiion can ba quickly incronased st least 160 peocent, laktoar §
expenditures can be roducnd 50 percent, and tho cost of undusground cocastruc—
tion can be cut 15-20 parceni. 1In tho sacond phasc the average speed af
excavating hydrotechnical tunnels can ba increased 150-200 meters ger @onth
with docroasas of 25-35 percent in labor expendituras and operational Z05LS i
*as a result of raising ¢ho level and rango of mechanization by creating '
and introducing rore advancod equipment., §
|

The sacond trend of scientific-tochaical prograss is the ravision
and introcuction of now tunnol-oxcavation tochrology by using the comsine
method (without blcsthole drilling) with complote mochanization of all the
processes. At present two typos of tunnol comhinns aro baing creatcd
according to Gidroproyckt's tochnical-nconomic roquircmants, The first
foaturcs working parts with a soloctive action for oxcavating tunncls with
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croso anctions of 10~40°squaso muters tn rock wiih o camproscion bronking
point up to 800 kilogroms por squarn centimalors,  The sacond hos o cuiiing i
aspombly for oxcavating rtound tunncls with o Croug Guetion ot 22=30 squar
motars ia rochk wlih o vempruision braaking point up o 1,200 Kilograms pup 'l
square eantinmoctur.  Tho introduction of the nau techrology and comhinos o
will maivd 14 Dogsiblo to oxcavawy Rytrotechnical tumials et zneods up to
300-5 } maters o finiched tumncli po: menche  Morcover, labos wxpandivurcs
will bec cuc in half and costs will cocrcase ong=third,

The third trend of scientific-tecinical prooress must be conasidorud |
the scicnti®te reznereh and experdincrtal vosk on nouw ways of ramoving rock v g
without =% . sives or machonncel forco., Tha longuaterarqe schemas For this ]
applicuiion emvundsrqround hydiratechni.cal construstion invelvc an ultrahioch
frequency methnd tiat erploys an altzenating superhicih frequensy magnotic f
field that acts on tha rock; the othar method uses tho baem ¢f a laser.

G. No Tret'vakov prousnted an interesting report on ways of lowoi-

ing the costs of oartherock vperations, 1In the report he remindsd us that

the rock excavation voluma for one hydrotechnical constructicn project in
mountaincus regions may cang» hotwesn 2-5 million cudbic metzss ang Lhe

opuration may continua Tor %3 yrarse 71ind past docado was charactopizad \ ;
by the growth of the toial volume of rock sxcavation aloeng with simultssoous h :
cost intreasss. licreover, the production-volume orowth rates arg oute : ;
stripping tha dzvclopmant rate of the machinary needed for reck oxcavation, 5
espacially in mountainous areas. Tha currently-used drills, lozdses, and
trensporters do no: meet the requircments of mock excavation op3rations in E
~ the construction of hydrotectnical structures in mountainous ragions, ' ;

. A numbur of progressive mcthods have bean iniroduned into rack
' excavation operations during recent years. They are intanded to lower costs
and raise the quzlity of oparations such as preliminary contour tlasting,
dirocted blasting, and others.

Cost dacreasses, lahor productivity increasss, and shocter rock
excavation periods ct hydroizchnical projccis can be schioved curing the
Minth Fiva=-Year Plan by msans of tho following basic motheds: optimization
of producticn-uwork dosign and work organizatiunt equiaping rosk oxcavaiion
pArojocts with neu and modecn cquipment to o semplish the basies tasks of
drilling, leoading, and transparting; wnd applying tho comstructiion norms
and regulations in conformanca with tha actusl indicators achioved at lcade
ing projects,

The impleomontation o the stated msasuras conserning sraliminary
evalustions can lcwor rock cxcavation costs 25-30 poarcent and iasbop
oxponditures up to 50 porcent,

: V. Ya. Shaytanov told of work in tha fiold of optinizing the ornane
dzation of tha preparatory period which occupios up to 30 purcant of tho
total construction poriod. futhods hove rocontly beon fosinuiaacd concerning
tho shortoning of construction poriods and tha louoring of the preparatcsy
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oporational costs involved in such things as tho industrialization of a
}projoct's production basy and tho nruction off temporary ducllings, Other
mothoda inveolva tho furihor davelopmont of building industry bases, the
improvamont ol tho construction osyanizations! orqunizationzl structurc,
ond on incroaso in the level of trual spocialization.

1. S. 2avalishin shoued thot tho most important way of lowering

conatruction cocts, shoriaring construction periods, and incrcasing work

quality is the surther spccialization of construction organizations and

tho constant axpansion of the share of work performed by coriractorse A
new typo of contracting‘organization must be croated that will be abla 0
perform all tho work in its spocialization with its own zescurces and using
its oun intesrayun besas and i'inld=typa maintenance facilitios., A gracual
changsover to contract mothods is becoming complatoly naturzl as a result
of tha considorzble progress in construction techrclogy and tho real pos—
sibility of croatiing a mobile construction entity and sufficiant high=
quality housing that can be easily assemblod cnd disassamdbleds it is
necagsary to display initiative in developing 2 systom o7 putting consuTucs
tion on a contract basis. forcover, the nomencloturz of tho contracting
organizations nust be determired along with thoix siructures, scope of
operations, iniarraycn baso Lloccations, and tho 8ize of the portable opers-
ations equipment.

The follouwing scientistis from higher educational institutions
end scientific-research institutas took pact in discussing tha reports cnd
made very intercsting suggestionss doctors of tochnical sciences and prec-=
Passors Fe Fe Gubin, Ve Se Eristov, N. ils Faslov, N, P. Rozznov, Ke A,
malttsovy Gideoproyskt and specialized organization workers P, A, Pshenitsyn,
s. N, Popchenke, I. A. Tecman, Me Ae Bogomol'nyy, OePs Zhebenev, V. M.
Dagtyarcv, V. fe Kondrattyav, 8 M. Shkundin, A, No Ter=Ogarzsyan, D. O.
Sapogin, Ze Ge vashchonko, Le G Zhcanov, ‘V. 1. Stankevich, ARe No Mozdovina,
A, i, Lipkind, I. Yo. Lomov, 1. P.. Sargevev, Se Ve Tolkachnik, Yue. Ye.

 Chumichev, Ne P, Vaotyakov, and otharsa.
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ELECTRIC POWER AND RELATED EQUIPMENT

upc 620.91:621.1:061.6:061.75

CONTRIBUTION OF THE TEPLOELEKTROPROYEKT INSTITUTE OF USSR POWER ENGINEERING

Moscow ELEKTRICHESKIYE STANTSII No 4, 1974 pp 2-8

[Article by I. A, Alckseyev, director of Teploelektroproyekt Institute, and
N. L. Oyvin, chief specialist of Teploelektroproyekt Institute]

The development of electric power engineering in the Soviet Union is insep- “
arably linked with V¥, I. Lenin's name, On his initiative, the first state :
plan for the electrificatio~ of the country == GOELRO == was developed in

1920. The GOELRO plan was statewide. It provided not only for construction

of electric power plants and netvorks, but also for the development of the

entire national economy of the country on the most perfect technical basis

== electrification, In this connection, V., I, Lenin called the GOELRO plan

the second party program, ‘

Under the guidance of the Communist Party of the Soviet Union, the people mae-
terialized this plan ahead of schedule by 1931, Much credit in the success=
ful fulfillment of the GOELRO plun belongs to the Soviet designers who pre=
pared the plans for the first projects of the Soviet power engineering:
Shatura, Kashira, Nizhaiy Novgorod, Shterovka, Ivanovo, Kizel, and othar
electric power plants, ‘ :

On 18 April 1924, a subdivision was created within the Main Administration
of cthe Electrotechnical Industry (Glavelektro at VSNKh [Al1-Russian Council ;
of the National Economy]) for designing thermal electric powver plants which 1
grew into the All-Union State Institute for Designing Thermal and Atomic i
Electric Plants and Electric and Thermal Networks =~ the Teploclektroprovekt 5
Institute, ' . [

|

At the present time Teploelektroproyekt has 12 branches: Cor'kiy, Kiev,
Leningrad, L'vov, Moscow, Novosibirsk, Riga, Rostov, Central Asiatic, Tomsk,
Ural, and Khar'kov. 4 -

The Teploclektroproyekt Institute develops problems of long-range develop-
ment of power engincering in the country and technical specifications for
the construction of thermal and atomic clectrical power plants, chermal net-
works, clectric power transmission lines, and substations,

1

o
3 ';g‘:‘_ﬁ‘"Aﬁs_."r‘;—‘ar:iﬁmu.-ﬂ«<~rv At e e




T
yrom

i Rike g4 i e M it c B s b e Nop e e : Yoo .

Approved For Release 2004/10/12 : CIA-RDP85T00875R002000020012-1

Since 1962, the designing of power systems and electric power transmission
lines has been done by Energosect'proyekt [AlleUnion State Planning, Survey-
ing and Scientific Resecarch Institute of Power Systems and Electric Power
Networks] which was crecated on the basis oi subdivisions yielded by Teplo-
elektroproyekt and Gidroenergoproyckt [expansion unknown] .

Arbitrarily it is possible to outline the following scages in the develop-
gent of the designing of thermal electric power plants and, consequently,
the stages of the davelopment of technical solutioms by the Teploeclektropro-
yekt Institute,

The first stage ==~ the designing of electric power plants which were con=-
structed by GOELRO plans mainly by using imported equipment, ‘

The aecond‘stage «= the prewar stage characterized by the use of domestic
series equipment, which made it possible to search for original solutions

" for the firsc standard designs of electric power plants,

During the war years Teploelektroproyekt performed extensive work conmnected
with the relocation of our power engineering structures to the eastern re~
gions of the country and with the restoratioa of electric power plants and
power transmission lines in liberated regioms, '

The third stage (after the Great Patriotic War) is éharacterized by a
wide use of repeated designs and a tramsition to standard designing with the

use of cross connections between units for main steam and water pipelines.

The fourth stage is connected with the changeover of TES [thermal electric
povwer plants] to an industrial basis and is characterized by the use of
block diagrams for their technological equipment and standardized conmstruc-
tion units of precast concrete. : . '
Under the conditions of fuel shortage and devastation, V, I, Lenin gave his
particular attention to the necessity of using the lowe-quality local fueis,
This complex problem was successfully solved by the Soviet engineers in
spite of the fact that they had no previous experience in chis matter,

Soviet power.engineers developed methods for burning at least 60 varietics

of fuel, including shale, brown coal from newly discovered fields, and wastes
of coal processing, which was rceflected in the designs by TEP [{Teploelektro-
proyek:]. : : '

'Un:il 1941, electric power piants were desipgned chiefly for hurring low-grade

fuels, including peat, Moscow and Kizel area coals, and anthracite dust,

From the first days of the implementation of the electrification plan, all
equipment had to be purchased abroad. Sovict power cngincers and, primarily,
the designers, made a thorough study of foreign expericnce and ensured the

‘designing and construction of thermal electric power plants at a high engin-

cering level corresponding to the latest achicvements of world science and
technology. : .

LY
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1 In the thirties, a new branch of industry was created in cooperation with j
; machine-builders whicii became an important step in the development of the ?
: technical propress in power enpineering. Teploelektroproyekt, by whose en- f
gincering assignuents the country's machine~builders have been creating power {
engincering equipment for thermal electric power plants, plays an importaut '

role in the solviug of this problem,

In 1926, almost all boilers produced steam at a pressure of up to 18 kg=force/
7 em?; in 1935, the basic parameters were 30-35 kg-force/cm2, 400-425 degrecs
/ C. After 1945, the boiler=and-turbine industry switched to manufacturing
& high-pressure equipncnt for steam parameters in turbines of 90 kg-force/cn?
and 500 degrees C, The changing to these parameters ensured an economy of
: K 15 percent for the electric power plants. For these stcam parameters, which
: remained as basic in power engineering for 13 years, the institute developed
seven standard designs ol the main structures of electric power plants in
: 1952-1954,

5 As of 1959, new steam parameters were adopted for series equipment of large
thermal electric power plants:

. 130 kg-force/cmz, 565/563 degrees C (with steam resuperheating) for turbines
! of 150 and 200 Mw installed in KES [expansion unknown]. Changeover to these
‘steam parameters made it possible to increase economy of TES by 10-12 percent;

130 kg=force/cm2, 565 decrées C (without resuperheati.p) for district heating
system turbines installed at TETs [heat and electric power plants] of 25 and
' 50 Mw with steam bleeding and counterpressure, and then 100 and 135 Mw,

In 1956-1958, standard designs were developed for main structurcs of GRES-
1200 [state regional electric power plants-1200) with turbines of 160 and
200 Mw and TETs-350 with turbines of 50 and 100 Mw for the above-mentioned
‘steam paramecters,

: The standard design of condensation electric power plants envisaged a changee-
: over to 1 block diagram without steam and feed water cross connection and a
transverse arrangement of turbines in the engine room, Concrete was used
widely and structural designs were standardized, which made it possible to
work out a catalog of reinforced concrete products. standard designs for
main structures of GRES-1200 and TETs~350 have been used at miny electric
power plants, '

Tn 1958, in accordance with the engincering specifications of Tecploelektro-
proyckt, Soviet plants started manufacturing units of 300 Mw for steam para-
meters of 240 ky-force/em? and 560/565 depreces C with steam resuperheating).
The changeover to these parameters from 130 kg~=force/cmZ and 560/565 degrees
C lowcred the specific fuecl consumption by 4 percent,

For maximum fndvstrialization of the construction of such units by using stans
dardized reinforced concrete component s produced by plants, a wniversal
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standard design with several modifications was developed. This made it putie
8ible to usc it for constructing KI5 and TETs operating on various types of
fuel and the power of turbine units and boilers with parameters of 240 |y. ;
- foree/em2, 560/565 degrees € and 130 kg-force/cmZ, 560/565 degrees C, This i

universal design was used for constructing 28 main structures of clectric
power plants,

In 1967-1968, a standard design "67-68" was developed instecad of the univer-
sal design.

A NO AN s 8- e

In the standard design "67-68," particular attentinn was siven to improving
the operational conditions of units of 200 and 300 Mw working on coal dust and
on gas and oil fuels, further industrialization, reducing the amount of lubor
in construction, as well as improving the technical and economic indexes,

So far, 29 condensation clectric power stations aund steam clectric stations g
have been built or are under construction by the design "67-68." This mode )
ernized design provides for the idea of the organization of rapid construc-

tion which was proposcd by the USSR Minenergo [Ministry of Power and Electri-
fication], '

For example, the first power unit of the Ladyzhin GRES was
in 1970 and the remaining five in 1971, Thus, the construction oi the GRES
of 1800 Mv was completed in 48 months since the baginning of construction,
that is, 16 months sooner than the standard deadline,

put into operation

Further improvement of the technology of construction units as well as of
the technology of construction jobs made it possible to complete th. first
section of the Zaporozh'ye GRES (4 units of 300 Mw each) in record time «=
in 32 months, that is, 15 months sooner than the standard deadline, or 5

months sooner than the 4 units of 300 Mw each at the Ladyzhin GRES.

Units of 300 Mw for supercritical stcam parameters have been introduced
widely, The first 300 iw units were put into operation in 1963, and by
1 January 1974 there were 116 such power units in operation,

The economics of .thermal el

ectric power plants'is determined by the indexes
of such units,

The next step in the development of Soviet heat-and-power engineering was .
the krarsition to power units of 500 and 800 Mw, The institute deve loped i
desipns for TES for such units., In 1967, these designs wore used for the i
first powver units of 500 Mw at the Nazarovo GRES on brown coals and 800 Mw
with a twin-shaft turbine at Slavyanskaya GRES on ASh [anthracite dust],

and in 1971, experimental operation was started with a close-coupled power g
unit of 800 Mw with two boilers and steam parameters of 240 kg-lorce/cm2,
560/565 degrees C at the same Slavyanskaya GRES., At the Troitskaya GRES,

a4 unit of 500 Mw with a single~hull boiler on Ekibastuz coal was installed,
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The institute, in cooperation with the plants, has started work on improving
the desipins for units of 500 and 800 Mw with close-coupled assemblies, single-
hull boilers, large-size auxiliary equipment, and smaller amounts of piping .
and fittings, i :

The fundamental improvements of unit plants have two basic solutions: changie=-
over from double blocks to monobLlocks and enlargement of the auxiliary equip=
ment of the blocks,

!
|
Installation of monoblocks instead of double hlocks simplifies their opecra- 1
tion, reduces the number of operational and maintenance personncl, and ree- ?
quires considerably less pipeline fittings,

Large auxiliaiy equipment makes the overall dimensions of the blocks smalley
and requires less capital investments as well as reduccs the cost of opera=
tion,

The technologically advanced solutions include the changeover to gastight
designs of boilers with coal dust and gas-cil fuels, and to pressure~charged
boilers on gas-oil fucl, The usc of pressure charging reduces the expendi«
ture of electric euergy on the operation of the boilers by 0.4 percent due

to the elimination of exhaust fans, simplifies the opeiation of the -boiler
unit, its protection and automation, inclucing fuel control, and simplifics
the configuration of gas ducts, Creating dependable pressure~chargaed boiler
units is one of the most important and difficult problems of .the boiler=builce
ing industry, 1Its difficulty is the developing of an absolutely gastight
conbustion chamber and the entire tract of the boiler unit,

Technical specifications of the main and auxiliary equipment for these units
were dcveloped by Teploelekrtoproyekt,

In connection with the planned wide introduction of 500 and 800 Mw monoblocks

and the changeover of the plants to the manufacturing of larger equipmant by

the specifications of the institute, it became necessary to develop new de=-

signs which would take into consideration the prospects of using the new

equipment, In 1968, the institute started d2veloping a technical and econ-

omic report on GRES with 500 Mw units operatiag on Ekibastuz coal which was

completed in 1969, ' |

In 1970, a technical and ecorumic report (TER) was published on GRES with
800 Mw units and single-hull boilers operating on gas~oil fuels,

In 1970-1973, on the basis of TER, Tcploelcktfoproyekt developed designs of
Wis=oll KES with 800 Mw units for the Zaporozh'ye, Uglegorsk, Karmana, and
Ryazan® GRES, .

9t the present time, the plants working on the technical specifications of
fﬁploelcCtroproyckt are designing a boiler for a 500 Mw unit for the complex
ol electric power plants working on Ekibastuz coal,
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TER shows technical and. economic expediency of building a group of four elece
tric pover plants on tie basis of the Ekibastuz coal field 4,000 Mw cach,

that is 8 x 500 Mw,

The development of the power industry in Siberla is a particularly large=
scale project,

The construction of the Kansko-Achinsk Fuel and Power Base is considcred

to be of statewide significance. The huge resources of inexpensive Kansko=
Achinsk coals make it possible to consider them not only as an economical
fuel for satisfying the needs of Siberia, but also as a lower grade coal for
the country as a whole. llowever, Kansko-Achinsk coals are not transportable
in their 'usual form., Their moisture content is 40 percent, and their calor=
ific power is only 3,500 kilocalories/kg.

The expedient scale of the processing of Kansko-Achinsk coals in the ncar
future is evaluated at 50-70 million tons of raw coal per year. The main
direction in the utilization of Kansko=Achinsk coals is to produce electric
energy at powerful thermal clectric power plants built near the fuel source.
Their electric energy is intended for the local power system and for transe
mitting to the European regions of the country through direct current trans=
mission lines of 2,200 kV, 1In the Siberian OES [Integrated Power sttcn]

it is planned to put into operation before 1980 threce units of 800 Mw each
at the Berezovskaya GRES and to start the construction of three GRES., It

is planned to add several more powerful GRES here in a more remote future,
At the present time, the institute is developing TER with single~hull gas=
tight boilers operating on Kansko=Achinsk coals. On the basis of the tech-
nical specifications of the institute and with participation of scicentifice
research insvitutes and Teploelektroproyekt, the plant is developing a design
of a boiler unit for an 800 Mw block operating on Kanskoe=Achinsk coals,
Considering the lorge scale of the construction of electric power plants
cperating on these coals, in the far=-rcachihg plans for 1990, it will be
necessary to develop main units of higher capacities after hav1r~ introduced
the 800 Mw mnits,

The next step.in the further increasing of the unit power of the thermal

power units is to develop a unit of 1,200 Mw, Oun the basis of the institute's

technical specifications, the plants have developed designs of a close-
coupled turbine of 1,200 Mw for a supercritical steam pressure =- the lar-
gest turbine in the world -- and a single=hull boiler unit with pressure
charging with a capacity of 3,950 tons/hr for operating on gas and fuel oil.
According to the institute's project, two of such units will be installed
at the Kostroma GRES, It is planned to complete the pilot unit by 1975,

According to the prognoses for the development of the power engincering for
1990, it is planncd to introduce the capacities at the clectric power plants
chiefly by putting into operation large units of supercritical pressures of
500, 800, and 1,200 Mw, which will substantially increcase the technical level
of the Sovict power industry. According to plan, the capacity of such units
vill be approximately 80 percent of the GRES capacities for 1990,

.
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«. The enormous scale of the introduction of large capacity wnits will mako it
possible to increase their average capacity from 230 Mw in 1972 o 100=00()
Me in 1990 and to bring this index c¢lose Lo the anitlogons indox in (he -
vanced forcign countries, Under thoge conditions, Lhe increase I Lhe qualie
tative characteristics of units of 500, 800, and 1,200 Mw is acquiring an
exceptionally important sipgnificance, Therefore Teploelektroproyekt has pro=
posed additional technical requirements for industry with respect to incroage
ing the dependability and economy of the operation of thesc units, These '
requirements stressed the necessity of a high mancuverability of the 500,
800, and 1,200 Mw units, Along with this, it is necessary to reduce the
amount of the auxiliary equipment, to switch to a wiifilar system of high-

;’ pressure heaters and all pipelines in order to simplify the layout and oper=

ation of the equipment, as well as to lower the costs of the pipelines,

The rise in the technical level of thermal electric power plouts ensured a
decrease in the specific fuel consumption at the electric power plants, For
example, in 1965 it was 413, in 1970 == 366, in 1972 == 354, in 1973 == 348,
and in 1975 it will be 340 g/ (kwh),

A fundamentally new direction in the development of the power'industry was

the start-up of the world's first atomic electric power plant of 5 My in 1954, :
" Its designing was done with active participation of Teploelektroproyel:t since \
1951, ° ' :

In the subsequent years of 1956=1964, designs wore developed for larze expo~
rimental industrial ALS [atomic electric power plants], inciuding the firse
units of the Novovoronezhskaya and Beloyarskaya ARS with various types of re~
actors, In 1966, the institute became the chief designer of atomic electric
power plants, )

During the Eighth Five-Yeav Plan, on the basis of the institute's designs,
the second units of the Novovoronezhsikava AES of 365 My and Leloyarskaya A73
of 200 Mv were put into operation, and the construction of the third uait of
the Beloyarskaya AES with « fast neutron reactor of 600 Mw was started, On
the basis of the design of a standardized 400 My unit developed by the insti-
tute, the construction of the Novovoronezhskaya, Kol'skaya, Armwenian ALS, as
well as the AES in the GDR and NRB [People's Republic of Bulgaria], is pro-
gressing, During the period of this five-year plan, AES with various types
of reactors of 50, 100, 200, and 365 Mv were being made operational, and dee
signs of AES with 440 and 1,000 Mv reactors were developed, Tt was proved

in practice that atomic electric power plants can, under certain conditions,
compete with thermal clectric power plants with respect to their cffectiveness,

The obtained results made it possible for the institute to work out techni-
cal and cconomic principles for the development of atomic pover engineering
in the future and to substantiate the scale of ARS development to 1990, and
to sclect the points and sites for the construction of AES of from 2 to 6 x
1,000 Mv, which will be introduced before 1990, as well as to set up tech-
nical assignments for industry for the wain and auxiliary equipment of ALS
(reactors of 500, 1,000, 1,500 Mw; turbines of 1,500 rpm with capacities of
500 and 1,000 Mwv operating on saturated and supevheated steam, main circu-
lation pumps, stcam generators, special cables, and others),
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The crcation of semipeak~hour thermal electric power plants equipped with
highly mancuverable stcam turbine units which can be stopped daily during .
the night is an important problem, These plants will produce a noticerable
saviog of luel,

i ke banln of the techaleal apecitteat Lons ol Teplocleht roprovelt , plonds g !

. ' develop the desipns and prodoce units of 500 Mw Lor suberit iend Presnuge:s
in turbines of 130 kp-force/cm2 and a temperature of 510/510 degrees C,
These parameters werc adopted to cnsure a low cost of the established 1 k. ¥

P The long-term plan for 1990 envisages the installation of semipeak~hour gecne §

4 erating capacities. For the same purpose, it is planned to introduce pealk- .
hour gas turbine electric power plants, In the future it will be necessary
to raise the capacities of the gas turbine electric power plants with 100
Mw units and to develop designs for electric pover plants with gas turbine 1
units of 200 Mw and higher,

At the present time, gas turbine units GT=25-750 are operating at the Kiev .
TETs and GT=100-2 at the Krasnodar TETs. They were assembled according to ‘
the designs of the Kiecv and Rostov branches of the institute.

Installation of district heating systems on the basis of combined productiocn
of thermal.and electric energy is one of the important directions in tha i
cevelopment of the USSR power industry. It ensures a higher fuel utilizaticn i
factor in the power industry and rationalization of the structure of the !
country's fucl-energy balance. b

: |

- Teploelektroproyekt substantiated the technical expediency and economic ef-
fectiveness of concentrating TETs capacities, increasing the unit capacities
of the main and auxiliary equipment, and raising the initial steam paramecters,
Since the first steps in the development of district heating, the institute

. has been working on schemes of heat supply to citiec and industrial centers.
In the last 10 years alone, the institute developed about 200 schemes of
heat supply. TIn the last few years, the institute has been designing power-
€ul TETs from 500 to 1,500 Mw. It prepared a TER on the development of heat
supply in the USSR for 1970 which confirmed the technical directions in the
part of the economic effecctivencss of concentrating TETs capacities. The
institute's TER "On the Development of Heat Supply with the Use of Nuclear
Fuel” should be specially mentioned. The conclusions and recommendations
of this report are used in preparing assignments to industry for the main
equipment and in designs done by the institute for a number of large atomic
TETs. The institute has done a large volume of work in conncction with the ‘
designing of heat nctworks.. g

Important shifts must take place in ensuring thermal enc:gy for the national
cconomy through large-scale construction of heat and cleciric power plants
on the basis of high-power units and the construction of a series of TETs
_according to a single unificed design., The goal is to use the experience in
.‘*\ the construction and operation of the experimental industrial Rostov TETs=2
and to speed up the development of such a design with consideration for the i
possibility of installing 80, 110, and. 135 Mw turbines at the serics TETs,

..
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| The next task is to develop a design for the series TETs with units of up
to 250 Mw for supcrcritical pressures and with pressure=charged single-hull
boiler units.,

The dcvelopment of the electrotechnical part of the designs of thermal elecc~
tric power plants depends on the development of power systems and the clec=
tro’ :chnical industry. The close ties with scientific-rescarch organizations
and plants ensurcd progress in this part of the designing. By the end of
1965, the Unified Power System of the European Part of the USSR was formed.

In the eastern vregions of the country, the formation of the unified pover
systems of Cent.al Siberia, Northern Kazakhstan, Central Asia, Transbaikal,
and the Far East is in progress. The development of power systems and their
unification will make it possible to create the Unified Power System of the
Soviet Union later.

‘Teploelectroproyekt éreated and was constantly improving the designs of high-
voltage distribution systems (from 6-10 to 750 kv). The designed ORU [out-
door distribution systems] of 500 kw which have been introduced at a nunber
of power plants have positiv. operational characteristics. The institute
{nitiated the use of autotransformers in the power industry. Thay are widely
used at electric pover plants and substations. The szme can be said about

two-winding and three-winding transformers for KLS and TETs which have & vo=
gulator of voltage under a loau, Main electrical wiring diagrams of high
dependability were created for 500, 800, and 1,200 dw units,

The forthcoming new stage in the devclopment of the power industry connccted
with the changeover to 500, 800, and 1,200 lw units, in the part of the con=
trol systems, will be characterized by solving the complex problems of auto=
mating thermal processes of clectric power plants and the entire power indus=
try as a whole. ‘ ' .
The 24th CPSU Congress set up a task for the USSR industry to create during
the Niuth Five=Year Plan a basis for an automated control system (ASU) for
the national economy. For the solving of this problem, the USSR Minnenergo
[Ministry of Power and Electrification] is creating an automated control sys=
tem for the power industry of the country (0ASU "Encrgy'"). The lower step

of this system. is ASU TES which is being designed by the Teploclektroproyekt
Institute.

The ASU TES (ASUP) will be solving such problems as the cconomic distribu=-
tion of loads among the units; regulation of capacitics on a large scale,
processing and cxchange of information with power systews not only regard=-
ing the technological and technical parts of TES, but also roparding their
cconomic and management activities, It is natural that computing tecimolopgy
must be used widely for this purposc,

With the development of heat-and-power engineering, it was important to solve
problems of technological w:ter supply and hydraulic removal of ashes and
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8lags. The systems and schemes of techuological water supply were improved
during the last period when the capacities of power units and clectric power
plants increased sharply and the requircments for the purity o6f the nrviron-
ment rose. The following technological solutions have been developou and
are being introduced, . :

Cooling water reservolrs are being designed on the basis of hydrothermal mod=-

eling with the use of a new type of water intake, Closed reinforced concrete

channels are replaced with open ones, Unit stations are used instead of con-
¢ : tral pumping staticus. Large cooling towers with the sprinkling area of
6,400 m% are being installed and cooling towers with the sprinkling arca of
10,000 m2 are being designed. 1In cooperation with the Hungarian Institute
of Power 'Engineering, Teploclektroproyekt has developed coolers of a funda-
mentally new type which combine the advantages of the "dry" and evaporation
cooling towers, the so-called combination units,for which the institutes have
obtained patents. ' A

Designs are being prepared for high=capacity ash dumps with a small height
of earth dams and with aggradation of ashes and slags on a drained base.

In order to eliminate 'the harmful . effect of the cooling and hydraulic ash \
removal systems on the environuent, the designs provide for the cooling of

the circulating water before dumping it into water reservoirs, circulating
systems of hydraulic ash removal, special complexes of purification devices,
and elimination of the dumping of polluted waste waters into water reservoirs.
Systems are designed for supplying ashes and slags from TEls to consumers

if they are available, )

Large-scale work is in progress on the introduction of steam and gas plants
(Pcu). ,

The first large stcam and gas plant of 200 Mw designed by TsSKTI [Central
Scientific Rescarch, Planning and Design Boiler and Turbine Institute] imeni
I. I. Polzunov consisting of a gas turbine GT-35/44-770 and a steam turbine
K-160-130 was put into operation at the Nevinnomyssk GRES according to the

" design of Teploelcktroproyekt. After gencralizing the experience of its !
operation and solving the techniecal problems of the operation of PGU on heavy
types of fuel, a wider introduction of PGU will be possible, It is neces=
.8ary to spced up the entire complex of scientiflic rescarch, designing, re-
fining and adjuscing jobs on the pilot equipment, : '

Steam and gas plants may be one of the possible means of increasing the ef-
fectiveness of the operating and newly constructed GRES, because the cffie
ciency (net) of rqy may exceed 40 percent,

The construction of thermal clectrie pover plants of high capacities must
. . be solved in such a way as to cnsure complete observance of the requirements
. for the protection of the environment against pollution, In order to pro-

tect the atmosphcre from pollution by wastes, it is necessary to continue

10 .
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work on increasing the effectivenecss of clectric f£ilters and other typoes of
ash catchers, to activate the work on the creation of economically acceptable
industrial methods of purifying f£lue gascs or the initial fuel (of highly
sulfurous fuecl oil) from sulfur exide and sulfur content, and to deveclop

such burning devices, their layout in the boiler units, and the operating
conditions of boilers which would prevent the dumping of nitric oxide into
the atmosphere,

It is necessary to work out designs of chimney stacks 400 m high with a de-
pendable anticorrosive insulation and to develop industrial methods of erccte
ing them in short periods of time. Utilization of ash and slag residucs of
hard fuels for construction purposes, particularly for erccting protective
dams of ash dumps, is an important problem. The institute is actively en=-
gaged in this problem.

The designers and researchers of the Teploelektroproyekt Institute still have
to do a lot for lowering the pollution of the atmosphere, water basins, and
soil by the wastes of thermal electric power plants; greater care should be
taken with respect to the land, forests, and other natural resources of our
country,

Projects on technological reprocessing of highly sulfurous fucl ofl by the
IVTAN [expansion unknovn] and ENIN {Pcer Engincering Institute imeni ¢. 3.
Krzhizhanovsky] methods for increasing the fectiveness of their use in the
power industry and preventing the pollution of the atmosphere and corvosion
of the equipment by removing sulfur and other valuable components are c¢f
special interest, These methods will be tested at two TETs on the basis of
Teploelektroproyekt's designs,

The problems of generating electric energy by direct transformation, parti=-
cularly MGD [magnetohydrodynamic]-gcnéra:ors,.are also of great interest,
These projects should be developed so as to obtain dependable industrial
units no later than 1980-19§5,

O
On 18 April 1974, it will be the 50th anniversary of the foundation of the
All-Union Order of Lenin State Design Institute Teploeclektroproyekt,

Fulfilling the great Lenin plan of overall clectrification of our country,
the institute, as the largest design organization in the country, in a hair
a century beginning with the GOLLRO plan, has developed desigus for over
400 elcctric power plants, ,

Between 1960 and 1973 alone, 96,500 Mw turbine capacities were put into op-
eration on the basis of the design specifications of the inscitute, This
represents 80 percent of the capacitics introduced at all clectrie power
plants of the Soviet Union., ' i

Morcover, 85 clectric power plants with a total capacity of over 20,000 Mw
were built abroad according to the institute's designs,




Carrying out the resolutions of the 24th CPSU Congress, Teploelektroproyekt
is doing all the work on the davelopment of the country's heateand-peucr cu-
gincering in cooperation with other power engincering and machineebuvi 'ding
design and rescarch Institutes, operational and construction organizations,

and power machince~building plants,

The Party and the povernment gave high recognition te the work of the instie
tute: for its achicvements in designing thermal and atowmic elcctric power
plants, as well as for other projects in the fleld of power englneering,

the institute was awarded the Order of Lenin in 1962. In 1970, in commcmo=
ration of Vladimir Il'ich Lenin's 100th birthday, the members of the insti-
tute were avarded the Lenin's Diploma of the CPSU Central Committee, Presi-
dium of ‘the USSR Supreme Soviet,. USSR Council of Ministers, and VIsSPS [All-~
Unfon Central Trade Union Council], In 1972, on the 50th anniversary of tie
USSR, the members of the institute were awarded the Anniversary Medal of the
CPSU Cencral Conmittee, Presidium of the USSR Supreme Soviet, USSR Council
of Ministers, and the VIsSPS, .

It can be said with confidence that the many thousand members of the Ordar

of Lerin Institute YTeploelektroproyekt, who are celebrating their S0th znni-
versary, will successfully cope with the tremendous tasks of further devalops
ment of the Soviet power engincering in the direction of progress conform-
able to the scientific and technical revolution,
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ELECTRIC POWER AND RELATED FROUIPMENT

UDC 621.314.222.6.001.1

MORE POWERFUL HIGH VOLTAGZ TRANSFORMERS INTRODUCED

ar of the USSR

1. Mayorets, deputy minist
Elektrotekhnika,

neering Industry; Moscow,
axch 1973, pp 1-67

/Article by A.

Electrical Engi
Russian, No 3,

tasks in the improvement of
already developed transiormers and in the
development of new more powerful high
voltage transformers have been acgomplished.

The primary

The continuous growth of the capacities of electric

power stations and of the need for electric power in our
country, which will continue with great intensity in the
future, raises the problem of manufacturing high-power trans-
formers. By means of jncreasing the individual capacity of
trans formers and by increasing the voltage of electric power
iransmission it is possible to improve the economic and engin
eering indexes, reduce ihe cost, and’ raise the efficiency
of electric power transmissions. : '

sformer building is

gress in the area of tran
and on an essen~

igns, on the one hand,
he properties applied in magnetic and
which make it possible to increase the
intensity in them, on the other hand. As a result this leads
to a reduction in weight, dimensions, and waste per unit of
power. Only on this basis is it possible to further increase
the individudl capacity.of large transrormers, since their
weight ancd dimensions are limited by the conditions of trans-
port by rail.

The pro
based on improved des
tial improvement of t
insulation materials,

The growth of the cap
formers and of a group consi
the last 20 years and the ex
neriod of time are shown in

acity of the three-phase trans-
sting of single phase units during
pected growth in the comparable
figure 1.
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Figure 1. Growth of Raised Capacity of Power Transformers

we=threa-phase transrormers — = group of single phase
. . transformers .

1. millivolt amperes
2. years

The three-phase transformerswith a capacity of 1000
millivolt amperes on a voltage of 330 kilovolts (Figures 2,
3) /Photos not reproduceg7'was manufactured and put inio
operation in the Soviet Union in 1971, and in 1972 a three-
phase transformer with a capacity of 630 millivolt amperes on
500 kilovolts was put into operation,

: At the present time in the Soviet Union transformers
with a higher voltage up to 380 kilovolts inclusive are manu-
factured only in the three-phase form, with a voltage or 500
kilovolts in the three-phase and single phase rform depencdinag

90 the caoacity, and with a voltage of 750 kilovolts only in

-7 .the single phasce form. The gricd capacity of 1150/500 kilo-

_volt automatic transiorma2rs intended for procduction in the

current decade will amount to 1600 millivolt amperes, and in

+ the ‘uture it should be increased to 2500-3000 millivoit

amperes.  The reduction of ratios and losses with the increase
of individual capacities of transformers can be seen from the

. table based on examples of 220 and 330 kilovolt class three-

phase transCormers., :
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8 Taur.ooso/220 | 1954 | 2,63 |6,05| 0,77 | 0,256 { 2.85 .
<9 TIML125630/220 11663 | 1,41 | 4,06 1 0,43 | 0,183 | 143
TIU-266790/2:0 | 1961 | 0,97 | 4.03 | 0,317 0,121 | 0,023
: %mu-osocc.o/m 1967 | 0,476 | 3.01 [ 0,254 | 0,107 | 0.6
. 10 Tii-1000000/330 | 1971 | 0,433 | 2,1 | 0,23 | 0,089 | 0,515
Keys
1., -Type of transformer 6. Weight of copper, kilo-
2. Year of manufacture gram/kilovolt-ampere
3. Losses %.x., wati/ 7. Full weight, kilogram/
kilovolt-ampere kilovolt -ampere
4. Losses, k.z. /short 8. TDTsG
circuit/, wati/kilo- 9. TDTs
volt-ampere 10. TTs . \
5. Weight of steel, kilo- \

gram/kilovolt-ampere

The development of transformers with greater capacities
was connncted with the growth of the capacity of generaiors,
since the most economic solution for electric power stations
is the development of generatore-transformer units. But as
long as it is na2cessary te transform the power processcd by
electric power stations into various voltages, the volume of
work on transformers will increase radically. Fa example,
three~phase step-up 400 millivoli-ampere transformers with
higher voltages »f 110, 150, 220, 320, and 500 kilovolts were
developed for a 300 megawatt unit. Accordingly, it becomes
necessary to develop a gamut of automatic transformers of
various capacitiec« with various combinations of voltages for
the provision of power linkages and alternating currents bee
tween networks with various voltages.

The growth of rated voltage in power transformers in
the postwar period, and the expectced growth in the near future |
are shown in figure 4. The 1960's represented a period of
intensive development in 330 and 500 kilovolt notworks, while
in the current rive-veaxr plan 750 kilovolt networks are
already under construction, and after them there will appear
1150 kilovolt networks with alternating current and 1500
networks with direct currens. -

, In 1972 a group of 750/330 kilovolt automatic transe
formers with a capacity orf 1000 millivolteampceres was
manutractured for the first 750 kilovolt industrial line in
the USSR and in Burope, which is under construction in the
Ukraine ((Cigure 5) /Photo not reproduced/. At the present

-3a ¢
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. ' time there is in'opcration a group of 750/500 kilovolt auto- Do
matic transformers with a capacity of 125 millivolteanporeus®,
which is intended for the conncction of 330 kilovolt nctworks
' ' in the Ukrainian SSR  with 500 kilovolt nctworks in tho RSITSR
through the 750 kilovolt lines under constxuction.
1150 7600
In 1970-1072 experimental single phase y=5°[yy
kilovolt automatic transCormers with a capacity
7 of 210 millivolt-amperes each were =anufactured for the
/ purpose of conducting rescarch on an_experimental section
of a 1150 kilovolt line (Figure 6) /Photo not reproducec/
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Figure 4. Growth of Rated Voltage of Power Transformers

Key: : . .
1. «Kilovolts "Heavier line signifies industrial.
2. Years Lighter line signifies experimental.

Only a few years ago it was assumed that the highes:
rated voltage of alternating current networks ia the future
will not exceed 1000-1300 kilovolts, however, now uany
specialists in the USSR and abroad consider that the next
step with regard to voltage after 1100-1200 kilovolis (1150
kilovolts has been adopted in the USSR) will be voliages on

+ the order of 1800 kilowolts, the mastering of wdich it is
assumed will take place after 1990,

However, the development of such transformcrs presents
special difficulties, because of transport limitations (both
with regard to weight and maximum dimensions) and because of

The first group of analagbus automatic transf{ormers for the
Konakov o~ Moskva experimental electric transmission line was
manufacturced in 1907.
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the necessity to increase the capacity within a unit in com-
parison to .500-750 kilovolt transformers. Already the trans- 5
port weight of high-power transformers, transported without i
oil, is 400 tons and the suspension type transporters usced !
for transporting them_have 32 pairs of wheels (tigure 7)
/Photo not reproduced/, and the overall length of such a 3
hook-up excecds 50 mcters. It is not excentional that in 3
order to increcase the indivicdual capacity .'{ transformors it !
becomes nccessary (o0 resort to transportirg them to the point
ol installation in scctions. The intermediary phase of such
designs will be units transportable in transport containers. j

A very tempting solution to the problem is water trans- ;
port, but, unfortunately, it can only be used in individual
cases. Moreover, it would be desirable that the design of the

“transformers and the methods of their transport and assembling,
while being put into oparation, would exclucde the moistening
of insulation, thus guaranteeing the maintenance of the high
insulation characteristics of the transformers obtained as a
result of careful thermal vacuum processing of the insulation
at the plant.

!

In order to dGevelop transformers for future voltage
requirenents a large volume of special research and developnent
is needed. The basic points are as follows:

the development of a group of measures which will proe-
vide for the thorough limitation of switching and lightning
surges (including the development of new excess voltage
suppressors); - _

research on allowable voltages in the internal insula-
tion of transformers under the prolonged infl uence of run-
ning voltage (in addition to rescarch on prototypes and mocdels
for accumulating operational experience experimental incuse
trial operation is also necessary in certain transformers of
the 220-500 kilovolt class with incraased voltages in the
insulation); : :

research on new designs and circuits for the connection
of windings; . .

the procurement of new magnetic and insulation materials, !
which will provide for the maximum capacity of transformers
and better engincering and economic indexes with the assigned
means of transport.

Parallel with the development of 1150 kilovolt alter-
nating current clectrical cquipment scientific research and
experimental design work is also being conducted on the

' . "o .
- .
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development of equipment for 1500 kilovolt voltage direct
L current eleciric transmission lines in accordance with the
. dircctives of the 24th Congress of the CPSU. The applica-
tion of both typ2s of voltage arc planned in the prospective
drafts of our developuent in the USSR. .

The development of transformer equpment for direct
current electric transmission lines presents special diffi-
culties, since in working on installations with high voltace
rectifier and inverter units, it undergoes a specific influ=-
ence which has not yet been sufficiently studied. For ox-
ample, the regularities involved in the installation of hicghe
voltace installations under the influence of direct currant
greatly cifrfer from such regularities under the influenca of
alternating current. Therefore, enrforced reszarch and devel-
opment of electrical equipment Jor 1500 kilovolt electric
transmission lines, and also the developments of laboratory
installations and stands necessary for this should be con=~
sidered as urgent tasks. The operational exparience gainead
during the work’ on 750 kilovolt alternating current electri
equipnent used in the Xonakovo-Moscow_egsxperimental incdusiri
LEP /Electric Power Transmission Ling/ anc on 800 kilovoit
alternating current equipment in the Voluograd-Donbass linu,
confirms the necessity and expediency of constructing such

installations.

The tasks facing the transformer builders in order to
guarantee the necessary growth of the w lume of output anc
technical progress are diificult and varied. Along with the
work on the improvement of designs for increasing the relic-
bility and the service life of transformers, there is much to
be accomplished in the improvement of the methods and qualityv
of the manufacturing process and also of control nethods. In
conjunction with the power engineers it is necessary to car:xy
out systematic work on improving preventive and control
methods rfor maintenance of transformers during operation.

It is.necessary to develop research and production bases.

Tasks in the Area of Desion Imbrovement

s At the present time magnetic circuits in high-power
transformers are manufactured only from 0.35 millimeter
thick cold-rolled steel with specific losses of Rj5 not ex-
ceeding more than 1.0-1.1 watt/kilograms. Thanks to the
alimination of holes in operating strel, additional losses
in it have been excluded because of the curves in the coursea
of the magnetic flow which made it possible to bring losses
under open-circuit conditions in high-power domestic trans-
‘formers to the level of the best transformers made abroad.

ke i € i dnime
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further improvement in the dcsigns of magnetic circuits and
reduction of additional lesses in them will be achieved by the
extensive application of sloping joints and now arrangoments

in the preparation of laminated sheets, by increcasing the

space factor in the cross-section of the steecl, and also by
reducing noise and vibrations. At the present time correspond-
ing research is being carried out. ‘

[T

Windings. At the present time in high-power trans-
formers windings with voltages up to 35 kilovolts are exccuted
by screwing together with a large number of parallel wires
continuous coils for voltages within the 110-330 kilovolt S
range and multiple circuit windings for voltages of 500 kilo-
volis and higher. Special measues for reducing intercoil
gradients during pulse reactions in continuous windings have
made it possible to eliminate the installation of capacitive
screens and additional insulation of indivicual coils. In
the multiple circuit windings as a 12sult of thorough rescarch
circuits lve becn worked out, which provide for the good
distribu.ion of excess voltage between the individual sectins
of the windirqgs, tharks to which we were able to succeed in 1
providing a high pulse strength throughout the whole insula- ' f
tion structure. Complex wires from several or a large number
of transposed conductors are used, which greatly simplifies !
and accelerates the winding of the windings, while simule
taneously reducing additional losses in them. In high voltage Lo
windings wires with increased insulation made of compressed l
cable paper 0.8 millimeters in thickness instead of the usual 3
cable paper 0.12 millimeters in thickness is used, which in- . i
creased the electric strength of wire insulations by 30-35 ‘

percent. . .

Further improvement in the designs of windings should
include research concerning the expediency of introducing and
using layered windings, the development and specification of !
methods for calculating excess voltages in windings with the
‘extensive utilization of ETsVM /3Zlectronic Digital Computez/,
the application of copper alloys instead of copper which
possess greater mechanical characteristics, research on supor=-
conductive materials for use in future cryogenic transiormers,

and so on.

3 e

Insulation. The improvement of insulation in high
voltage transformers is connected with further rescarch on
oil-barrier designs, the application of rigid form insulation
parts for sections of a hetcrogerous field (edges of the
'windings, branches at the ends, and so on). The improvement ;
of insulation should be accompanied by an improvement in the
quality of oil and its stability.

a
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A considerable reduction of the main insulation inter-
vals between windings can be achieved by means of using hard
oiled paper insulation, which fills up the whole interval
betwaen them. A design with such insulation allows higcher
electrical gradients, however, its use is connected witih o
thorough examination of the structure of the windings in the
transiormer and with a significant complication of the pro-
duction method and a rise in manufacturing costs. The cuestion
concerning the expediency of introducing a similar design fox
windings can b2 resolved only on the basis of a detailed szudy
and cevelopment ot both the design arnd the manufacturing neiiiod.
and also a thoroucgh engineering and cconomic analysis. Such a
solution to the cuestion of insulation can become one of the
ways of inecreasing the individual capacity of transformers.

-,

"
I~

The insuiation of windings from the container and be-
tween the adjacent faces, for example, by means of using oii-
barrier designs analagous to the insulation between windings
should also be improved. - . \

Coolina ’
e v B

Recently much work has been done on improving and in-
creasing the reliability of cooling devicgs with forced oil
eirculation. The DTs /Jexpansion unknown/ type cooling
devices (forced oil movement through the cooler blown by a
flow of air) underwent considerable redesigning. In 1971
at the zZaporozh'ye Transformer Plant new DTs cooler systems
were introduced on the basis of the application of slowly ‘
revolving ventilators, new electric pumps with a shielcded ;
stator and a new design for the bimetallic coolers. In the
newly designed transformers the location of the coolers is
provided for in the container. In instances, when such a
disposition is difficult, a group cooling installation (GCU)
consisting of several coolers distributed throughout the
frame along with an automatic control panel has been worked
out. The possibility of relocating the GOU by rail has been
provided for in the plans. A great amount of research has
been done on hecat emission of the windings in the eveat of
foxced oil circulation in them. This extremely etfective
system of cooling was applied in transformers with & capacity
of 630 and 1000 millivolt-omperes. This key work will b2
continued and as a result should lead to the development of
a gamut of standardized highly effective coolers that are
reliable in operation. The coolers will be equipped with a
complete set of control and measuring instruments for auto-
matic operation. . .

S 21t
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.methods have been worked out, these tests can be stancdardize
(@]

It is not exceptional that in order to increase the
Cynamic stability of windings in high-powered transiormors
it becomes necessary to resort to increasing their short-
civaenit voltages.

e

The climination of local excessive overheating, which
leads to premature aging of the insulation, is an extromely
important Guestion for providing continuous reliable oporation
of high-power transformers., The resolntion oi this problen
is connected with a thorough study of .:agnetic fields in the
transforner and of ways to disseminat: heat, which has accunu-
lated in its windings and structural parts.

gssential factors determining the operational reliabili-
of insulation in hicgh voltage transrformers are the volume and
methods of testing of insulation at the manufacturing plant,

-and control over its condition during operation. In addition

to the single minute testings of the_voltage of incustrial
Srequency, as provided for in GOST /iAll-Union State Standardg
1516-08, ionization tests with measurementis of the level of

-\t

partial discharges have been included in the volume of control.

testings on all high-powur tranformmers twith superhigh volt-
ages. Along with these tests two types of tests are being
introduced and approximate operational reactions: ionization
testing during prolonged (about 1 hour) applications o alter-

natjng voltiage erual to 1.3-1.5 working voltage and the testin:

of switching impulses. It is assumed that in time arter an
accunulation of a cderfinite amount of experience and arfter

and introduced in place of the traditional testing by a s
minute voltage of industrial frequency and of routine tes
hy lightning pulses.

A number of scientific organizations are alrecady con-
Jucting research on the electric strenath of the internal
insulation of transformers under cxperimental influences
reproducing operational conditions as much as possible. Re-
aides this it is necessary to conduct more extensive rasearch
on the aging of insulation in operation for working out
characteristic norms allowable for insulation during opera-
1ion. Such research should be conducted together with enter-
prises of the USSE*® Ministry of the &lcctrical Enginecering
Industry and the USSR Ministry of Power and Electrification.

lnprovement of Production Process of Hiah«Power Transformors

With the transfeor (rom sheet steel to rolled stecel and
with the elimination of holes in it the manufacturing process
of magnetic conductors for high=-power transiormers has bLeoen
considerably simplified., The manufacturing productivity of

<.10 - ! i




Rescarch and experimental work should also be cone
ducted on new methods of cooling (evaporation cooling with the
use of lightly 'boiling linuids, the application of windings
made of pure aluminum under very low temperature conditions,
and so on). -

Tnecreasing Pnliahility and Serviee Life

With the development of power systems and the growth
of indivicdual capacitics the problem of providing dvnamic
stability of the windings during short-circuiting came to tho
forcfront, and special attention should be given to it. As a
result of research accomplished in the USSR, United States,
Japan, and in other countries it turned out that in addition
to the stretching of usual stresses in the external windings
and to compression in the internal windings of core-tvpe
transformers during short-circuiting there is observed a
manifestation of a loss of stebility leading to 2 deformation
of the internal windings. This manifestation has still noi
been subjected to sufficient study and for the time being no
carcdinal measures have been worked out for its preveation.
The testing of prototypes of windings being rconducted at the
‘present time in special installations, which reprocuce '
reactions to which windings are subjected curing short-
~circuiting, should be considered as a temporary measure
‘until there has been a clarification of all the factors which
cause this manifestation and until measures have been worked
.out to prevent it.

. In order to increase the dynamic stability of the
windings it is very important to improve the method by which
they are dried, thus practically excluding or bringing to a
minimum any further shrinkage after being put into operation.
Along with this it is necessary to work and introcuce new
designs for molded windings in high-power transformers, which
would guarantee cefinite stresses os their compression even
with a certain shrinkage. The application of hydraulic 1ift-
ing jacks, which n opcration would make it possible to
car:’y out the molding of windings without lifting the working
part out of the container, has very good prospects. The
apnlication of specially processed hard cardboard, which has
a8 'low=-shrinkage factor, or other materials such as plastic,
for example, which is not subject to shrinkage for bracket
insulation and intersectional packing of the windings is of
ersential significance for the successful struggle with
shrinkage of windings.

It is nccessary to accelerate the work on the devel-
cpment and application of copper. alloys for winding con-
ductors with increased mechanical durability.

" . .
.
- *
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plates on automatcd lines, designed in the All-Union Institute
of Transformer Building, increased considerably in comparison
with the old method of production. After accomplishing linecar
and lateral layouts on the automated lines the plates are sub-

jected to recduction annealing with automatic regulation of the

production routine.

The assembly of the magnetic conductors is accomplished
on special assembly tilter-stands equipped with hycrobeans,
which provide for an even controlled stress in the pressing
of steel. The coupling of the rods is accomplished by bancCs
of glass strips superimposed by a mechanized method. Alonag
with improving quality these mechanisms have led to a radical
reducltion of labor consumption in the manufacture of magnetic
conductors.

, In the manufacture of large windings vertical coile-
winding machine tools, which assure a denser winding than
with the horizontal machine tools, are being used extensively;
axjal pressing of the coils in the winding process is being
introduced. The process of drying the windings is accom-
plished in vacuum ovens under coastant pressure, anc in indi«
vidual cases with cyclic pressure in a hycropress. Work is
being done on the mechanization of the coiling of extensively
used continuous windings. Experiments are being coacducted on

. the manufacturing method of insulation parts of complex con-

figuration by means of a casting methord from paper mass and

a formation method from electrocarchoard.

The sectional method of assembly is used in the manu-

' facture of containers by which a coriplex design is made up

of relatively simple parts. It is possible to use aechanized
methods of welding in these parts. Automatic and sa2miauvto=-
matic welding in a medium of carbon dioxide under a layer of

.a fusing agent are used in the manufacture of welded struc-

tures for high-power transformers. In the years 1973-1975
there are plans to cdevelop mechanized procuction lines for
the manufacture of angle brackets, radiators, and conservers.

Of the procduction processes involved in high-power
transformers che drying of working parts is worthy of special
attention. Drying in vacuum ovens with steam heat uncer a
resicdual pressure of 0.5-5 millimeters rt. st. /mercury
columﬁ7 and at a temperature of 105-115°C is the method
applicd in plants in the Soviet Union. Abroad two mcthods

_are recognized as more effective.
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1. lleating of the working parts of a transformer by
means of blowing air heated to 105-1159C with a subscruent
vacuunm drying uncder a residual pressure of 0.,1-0.01 milli=~
meters rt. st.

2. Heating of the working parts of a transformer by
saturated steam or slightly supersaturated steam of an organic
licuid, similar to Kerosaene and having a temp rature of 125~
140°C, with a subsecquent vacuun drying under a residual
'y / pressure of 0.1-0.0) millimeters rt. st.

The (irst method is being applied exter.ively in

3 Europe ancd the second method is being used successfully in

3 . the United States and Canada. The drying time of transormers
3 with the utilization of petrolcum products is approximately

3 , half of the iime needed, when drying with hot air, and is

i . 2-3 times faster than the drying process in domestic plants.

At the present time research is being done and drafis
have been drawn up for vacuum crying installations with tne
use of hot uir. ' :

Parallel with the participation of other ministries
- . research is being carried out on industrial installations for 3
A , drying transformers with the use of steam from petroleum ;
' products. This work should be accelerated. ' : !

. ‘ Trans{ormer Protection, Control and Sianalina Apparatus

i : Modern development in transformer building is raising i
{: : the requirements with respeci to the improvement of existid na :
- i safeguards and control and sionaling instruments to a new

: level. Dischargers are a basic protective cdevice of ihe in-
‘ sulation in high voltage transiormers. Their protective
3 charscteristics on the whole determine and limit the electri~
oo ) cal reactions, to which insulation in transformers is sub-
i ; jected., Thercefore, improving the dischargers is one of ihe
E decisive ractors in the ruestion of raising the itechnical
A level of tronsformers being fr otected by them. A gas relay,
b which has been successfully used for more than 50 years,
g ' numbers among the basic safeguards in transformers.

The gas relay, mass procduced in the GDR for ali CEMA
: . countries, completely satisfies its own purpose. At the
3 X present time work is being done on equipping it with an addi-
L ' tional pipe, which will make it possiblc to extract gas
N samples, while it is operating without having to remove it
3 ' from the container. Such an addition would greatly simplity
- , and make servicing of the relay safer.

R | .
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Recently a branch standard was given to an indicating
device for determining the level of oil in the conscrver,
whzch will make it possible to glvo up the anpplication of gas
tubes in the conservers and the minimum 0il level rclays, ]
sinrc this function will be taken over by the magnetically j
controllecd contact indicator. -

In crder to control the 1omp~rature of the upper layers P
of oil in the transforuers TSH /Loppﬁr Resistance rhnrmomntox/- Lo
100 tvpe thermometric signaling “devices supplied by cntere L
prises of the Ministry of Instruient Building, Automation, Lo
and Control Systems, axe bexng used. This thermal signaling L
device has many defects and is in need of being replacer! by Ty
a new improved instrunent. Unfortunately, the Ministry of i
Instrument Building, Automation, and Control Systems is uXxe- 0o
hititing inadmissible slowness ‘in mastering these new thormal B
signaling devices for tha. transformer bLuilding industry.

, The protection of o0il found in the transformer is an g
imperative necessity, since humidification and oxidation of !
the oil require that it be replaced in orrier to undcrgo re- i
gencruixon. Because of such a great number of transformers ’
in operatlon this woulo entail a large amount of unproductive
expenditures. -

. The safpguardlng of 0il in high-power transformers by
means of an elastic film located in the conserver hes recently Do
been worked out and put into practice in the USSR. However v

.the massive introduction of this safeguard is being held up C
by a lack of industrial production of elastic film. The ex- D
perience gained at the Moscow £lectric Plant imeni V. V. ;
Luybyshev on the utilization-of thermoelectric modules to
protect the transformer oil from humidificction during opera-
tion is worthy of much attention. . .

An analysis of dissoived gases in the oil, according

to the compoqltxon and cuantity of which it is possible to
determine the damage caused to insulation a1rean> in its
initial stage, has been extensively applied abroad in the ]
last decade. In the USSR this method of insulation control
has not yet gone beyord the research stage, however, all
measures should be taken to spced up this work. A periodic
analysis of the gases dissolved in the oil, as foreion ex-
perience has shown, makes it possible to prevent accidents as
a result of accumulative damage.

So far there is yet to be developed a unit which would

protoc® <he container of the transformer from deforwation
during .« development of high-powered discharges in it. As

- 13 - . ' : "
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a consecuance of this and as a result of damage to the windinan
in high-power transiormers and subsequent short-circuiting the
container is subject to derformation and even its .destruction.
In conncction with the increase of capacitins in the power
system the nced for protective Jevices, which would limit the
amount of pressure insicde the container of the transformar, ‘ 4
is very great, and, thercfore, it is necessary to specd up :
work on its development.

The tasks which are to be resolved by the transformer : A
builders are varied and complex, but the vast accumulation ol : i
experience and the capability of specialists educated in this ; &
branch of industry instill a confidence ‘hat the tasks rfacing : b
this branch will be resolved on time.
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BECUiPesT FOR EIGZ-VOLTAGE POVER LINES

{Zr‘\;iclc oy Pravds correspondent V. Danilov: “Parers of Lightning"; Moscow,
braviz, Russiar, 16 April 1971, p.37 ‘

It was reported from the rostrun of the 2hith Party
Congress that nigh-volizge equipment whiech will control
pover traasmission limes with a volitage of one wmillion
volis and more is being created &t the Uralelektrotyazh-
mash [Ural Electriccl Zeavy Machinery/ Plant. Pravéa
correspondent visited tbe plent. Ve ere publisaizg nis
report.

High-voliege pover trensmission lines from Volga and Siberian GES
[Eydroelectric power sta‘ciong extend over thouszuds of kilometers. Hign-
pover switches are locavcd on the routes. Trey themselves will preveat &
catastrophe if o line becoxes closed, if ligatning strikes it or if a tree
falls on tte wires. Quite a fewv things way kadpen on tae enormous route
in {zyse and in mounteins, in the middle of steppes &nd deseris.

Switches are necessary not only Tfor preventing a breckdown. Tue
count>y is vasi: it is dey &t one end 2nd night at the other. Here tae
vork saifts erc ia fl swing, aad there -- a lull. 2Zigh-voltage pcwer
treazauission lines bave ©o be controlied. Zcuipment turned out dy tie
Uralelekivotyarnash Plant serves this purpose. For wie tize being it is
&osizaed for voitages or up vo 500,000 voits. Power of &s yet unprecadented
voitages -- & miilion and sore volis -- will flow over the wires in thae
d2riod of the ninth Five-Ycar Plan. Control equipzent must be ready for its

resoaission. )

20 name of thae equipacat is prosaic -- eir switen. But actually
wiis 15 2 unit impressive in appearance and complex in its arrangenent.
Lo% us inagine towers with a heigit of up to 14 meters, placed parallel to
cash other in tharee rows. A row is onc pole or, as it is called, u Dhase.
Such phase consists of five towers -- porcelain coluzns reinforced witn
Lonsion wonders also made of porcelain. A tank with compressed air is at
%ac vose of the coluzn. Toothed contucts through which the currcent flows
ax0 oa top.
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. A line Lo to be cut 2, The opcrator prunses o puctbutton ond
contacte are dicconnccted, Is this ull? No. Contucts are disconnceicd,
an clcetric urc 10063 vetveea them == us iff & vlirding ightning flashoen.
Tt hos to o rucnehcde Compresned air 1s fed from the toank for thas puipoice
1t “ervelops ' tae tubulur contucics. .ow the line is diseorrected. And this
¢g Gone in the course o wTour nundreatas of o second. As they sy, in le:os
tine 4oaa it toicu to winz @a eye., f9hc suue tekes place in the case of
"unplenned” cutolls when soulos have occurred on a line. In this cage ihe
rechznicms ere sev into ozeratiion not oy the operaior ‘out oy & speciaol
reluy: contueis Lre discoanzcted, ccrpresced air rushes upward, and a bronks

dowm 1is preventcds

The design of equipsent for coabrolling powver transaission lines
with a voltage of one rillioa volis vas ereated by the collectives of
vorxers of All-Union Plectrotecknicel Institute itieni V.I. Ienin, Oclenviiie-
Rescerch Institute of Uraleleistrotyazimash Plant end by the designers ol

the enterprises. .
Workirg drawvings of the ecuiyment have been received in the air- i
tarted. :

svwitcoes departuzent. Faoricetion of componanis end susasseriplies has s
One paase is to b2 seedy in tze taird cuarter.:
The first will be folloved by the second third, tenth... They will
- . ’ , *
rise as a relizble cuard et ihe elcctric-power routes to control the wiguty
encriy .

- N
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UDC 621.3.051:621.3.016.35
SAVETY IQUIPMERT FOR SOUTHERI 750-KV POWER LINS

[Article by E. G. Berlyand, M. I. Gurariy, V. V. Yershevich,
Yuo So L.'}.Diuu:("v, Ac Ao Onin, Mo Ga POI \.I'IOJ dnd Ac Aa
Khachaturov: "Tric Operating System, Stability and Automa-
tion of 750-kv Pouer Trensmission Between the Donets Basin,
Dnepr, Vinnitsae and L'vov'"; Moscow, RKlekirichestvo, Russian,
No 6, 1970, pp T7-12]

. [ ) . .«
The povnr trensmicsion line cxamined in the article
is a powerful Intersystem hookup being constructed in the

Unified Power System [OES] of the South. In deulgnlxu this
line, questicns were solved related to its operating sys-
tems, its stability and automation. Consideration was given
to the paruicular feagures of the given 750-kv nower trans-
mission relatcd to its position, significance for the con-
nected powrer sysiems and possible consequences from dis-
turbances of stability. ,

The develo\rcnt <F the OR8 of tih: South and " ne oder-
ating rceinmes of nhe zsourv Doler Lrnnsmission. in the Css

of tne Souin, yAl.arliy 2@ itnermal gowear piants nave been
built with the ins .allation of units hav;n" a maximum unit
capacity of from 100 to £00 Mwt. In 1970, two-thirds of tae
generating capacity was _conaentrated au 10 stations with
biock units of 200- 300 -800 Mwt.

During the first stages of develoging Lhe Ouu of the
South, a voltage of 220 kv was set as the highest voltage
stage for the intersystwuia hookups.

A% the rollowing stage, voltages of 330 and 500 kv
were examined, «nd the uﬂVJSﬂbility of introducing a voitage

of 330 kv was estublishced.

However, in introducing a voltage of 330 kv, it was

considcired that by 1970-1972, the basic lines of this voitage

-9- & RS
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vould be convertasd into distributor ones and eouid not per- (

form the Tunctions of intursystem hooiups. Analysls of lhe

develomaunt prozpects of ihe OES of the Douth showad Lhat

since this system could not cxpoct slably routcd ana lopg-

term capucity ond power return flows beiween the individual

regions, the necesnary capacity of thet intersystea hookuns

could not be determined £olely by the balance cupaclity flows.

It was also essential to concider the return £1lows of capacs

ity determined by the deviations of the actual load incrouas:
4 and the introductiion of capacity from the caleulated, by the
two-way cxchangie of emergency rescrve capacity of the individ-
wal power systoems comprising the Oud of thae Soutin, as well as
other factors. In the given instonce, the return flows not
related Lo the capacity balances are comeasurable with ‘ne
balance ones and con significantly exceed them. Analysis
of the individual components Oof the calculated tcapacity re-
turn flows established the necessary cazacity of tae inter-
gystem hookups in the OES of the South for the 1975 level
equaling 2-3 milliion kw. For providing such canacizy, the
following variations were provided for the developmant of
the netLworks: sirengthening the 330-kv networks; introaducing
a voltage of 500 kv; introducing a voltage off 750 Kkv.

Technical and econonic analysis ¢f the variations
showed that maintaining a voliage of 330 kv as the nighost,
without having economic advantages over the otner varliations,

— at the same time possesses considerable technical drawbacks
(the complexity of laying the routes of a largs number ol
parallel lines, the greater readings of the short circult
currants, the difficulties of connectiing large power plants

to the systcm and co foruin); .
- . ¢
A voltage of 750 kv, in comparisea with 500 kv, even ;
at the first siage (5—6 years) will provide a savings tnat !
1 is small (3-5 porcent) but steady (witn a veriation in the
1 oo real limits of thec initial dmta), and is most successfully
, o C

corbined witn the exisving volitage of 330 Kv &hd 1s nor
prospectuive.

4

‘ The state of the scientific and desi
750-kv cquipment as well as the resuius of
2 first models of equdpment installed on ting

o

‘\0‘

7 studies on
gerating the
wearinental

I's

Konakovo.- Moscow 1H0=kv power transminsion tine nas maae it
possible vo complete the rirst indusitrizl 750-kv iiangs ana
’ substations at the established times.
SRS ' In addition to the designated variations, a stwiy wags
also nade of a voltage on the order o1 1,000 kv and tihe
! building (instead of introdueing.a nigner level of voluage) !
3
. i
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*of a dircet current power transalcalon iine cor eling 2 or
3 basic units ol the system.

It wes discoverced that tne introduction «f lines using

a voltage on the order of 1,000 kv of altornaling current
wa not advisable, since with the great lnseadd density In the
0iS of tne South Lherc would incvitably b2 a lrage number of
high-voltagc uhhtatlonu. Even with a mindimun rumber of
substations (13u;), this variarion ald nou possess 2:onomic
aivantages in comnafiuan w;Lh a voltage ol 750 kv. The
reliability or the 1,100-kv variation wac less, since for

aLgn111v snLly 1nngcr time, the baslce nosiuns would be
-sin' a=clreult. Unmo building of diroct ravrert oouwar Lruand-

mjssion iinos is loss economle snd 4008 L) axeinae tne in-
troduceion oi. & nifher volinge of ALLUIRE Inf Current. Due™

to the dcoigna' e considera uiﬁnu, it was decided to use 750
kv of alternating current as the hignhest stage.

In building_the systom of the 75Q-&vy netuorss over the
long run, COﬂSJUCT&ulOﬂ ua nadﬂ thihc configuration and
stze of _the territory. of Lnq Cifi, the _sizos o Lhe a ﬂJaCbnt
ULS and ine hookups Uluh L%mm NS hvll &l Lne cuaracterlstxc
of The individual units uiunin uhe ons

o o o A =t § e b 16 e be

earane e

The largest .djaﬂent a:sociationa o? the OEC of tne
- South were the ous of the Cenier and tne other OES connected
"to it as well as the Unificd Hower Syster. of the CEMA member

nations (the Peace 0~°) .

: Proceeding from the particular fectures of the ex- {
“ternal hookups, during the first stage 9i° developing the
750-kv networks in tne OES of -the Soutn, it was deciided to \
create TH0-kv power transmission acress *iie eatire territory |
of thc system througn its ceniral part running from east to
vest (Fig. 1) (during the Tirsi stage, one ecircult, anad
- subsequently twoc or moic). The first 7Ho-ky circuit should
- follow the shortcst distance Lo hook up w:ith tha ::rnact;ng :
points of tnc associations adju:ent Lo ch 0LS of "the Soutn
in the west andi cast, as well as intercornect the izrgest '
units within the OES of the Ssuin (Donets asin -- Lnesr -- |
Vinnitsa -- L'vov). For connuecting tic :*maxn;nu regions ol
the 0&S of the South, for a long time Lo come, in o najority
of Instances, a voltage of 330 v will b sufficzient, Since
the dLSuwnCﬂ from the intermediate soinc: on the TiJ-Ry
Donets Basin -- L'vov main line to the Loundaries o the !
system in the south and the north does not exceed 520=-400
- kilometers. ' . )

For a certain period of time untii the creation 27 a
developed network of 750 Kv, tihis power spransmalssion line

-11-
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'.Flg. 2. Calculated schedule of the duration of
‘ exchange capacilty flows.

Thz stabiility of the vower associsunion and 7%50-kv oouer
! transmissicn. Reszarcn on tie stapilizy o) Lne assocliaticn
p Wus carricq ouls for the intersystem and basic intrasysten
! hookups. The 750-kv power transmission line is the greatest
3 power hookup betwesn the easiern and western portions of tae
& OES of the South. For this reason, rigid demands were made

upon its stability in terms of ihe entire range o su
operating systems. And ¥or the protractced systems (rore
500-1, 000 nhours) these demands were more rigid than for un
short-term, that is, in accord with {1}, in deteraining the
.gtability regquirements, consideration was paid to the signifi-
- cance of the transmission and the probability of the systen.
Stabllity research on the designated 750-kv Donets
Basin -- L'vor oower trunsmission line, under the coniitions
of Lthe parallel operatiocn of tna OEf of tre Soutn with thsz
OES of tihc center and the OB of tne CEMA member nations
particular features were discoverad whicn, oObviously, will
largely be characteristic for other hign-capacity interzysiten
conncetions. TFor the gilven line, the most difficult in e
of stability is tine system of the winter maximum wnercby -
transmission of oower from the east to the west-reaches o
greatest amount. This system was used as the basis for fnc
stability calculations.* The stability and .special meagiures
for raising it were evaluatcd in the entire expocted range
of return flows.
. L]
The calculated systems I'or changing the network of' the
OES of the South containcd up to 30 unite and 18 aguivalme
generators. The generators were acceounswd or dy & conatancy
of the transient emf, while the loads were seedsunted Jor oy

* Thoe stability calceuiations were basically carriad out
on an Ural-l digital computer according Lo tne program de-
! seribed in [2]. .
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Lo , CLhe constank reslobanees,  Resceareh 0 Lhe Tntthaepes 8 Ll
methods of presenting the Tomds on Lhe Stabice stability showed
that with the possible chunges in the loud characteristiceg,
the maximum capacity for power transmlission changes by only

5 percent.

Let us examine the particular featurecs of the analyzed
system which are determined by the cnormous capacity of the
pover assoclation.

With short circuits in the 750 and 339-kv notwork dis-
-connected by the basic safety relays, the dynamic stability,
. 48 maintained without employing any additional measures, since
the inertia of the system is very great. tHowever, for Dro-
~viding synchronized dynamic stability with short eircuits
close to the buses of the large power plants, in a number of
instances the primary units of these plants nmust be erfected.
The relatively high level of synchronosus dynamic stabil-
ity is determined by the fact that the capacity imbalance oz-
curring with a short cire.it, in terms of the capacity of the
OES, is insigrnificant and the iiynamic transfer remains ctable.
For this reason, in terms of the stability condition, thare
: is no need for greater spced of the safety relays and switches
A and a reduction in the pause of tihe BAPV {hi@h-speed auztomzatic
| recloser] on the 750 and 330-kv lines, with the exceptiion of
the areas *of the networx conneciing large plants with the
povier system. ‘ ' . :

bt - The power surges caused by tihe disconnecting of large

' blocks are not dangerous for the desipgnated system. T[©Oor exan-
ple, disturbances caused by the snut ting douwn of throe 200-liwt
blocks or two 300-Mut blozks in the westorn dorvion of the 1
ES or an 800-Mwt block in its sastern portim, 10 not excecd j
the normed {1] reserves of static stability i the pre-emergency
systems. .

Research has shown thui pbasically %she static stability

b is disturbed with the exceeding o its limit in tne post-

; emergency system (with a faulty AV lavtomatic rscloser) on

; one of the sections of the 7H%0-kv VL [overncad line] ) or with

an asyncaranous system onfl the adjacent scotions. 'The stabil-

ity or the system in the postemergency ooeration (af'ter discon.

necting the scctions of the 7459-kv VL) can be raiced oy ucing

tutomatic safety cquipment whien limits the recurn flows

on this section ror the 330-kv linos remaining at work to a

©N value corresponding to the ncceessary resarve of static stabil-

ity in the postemergency system. The systems automatic equip-

ment under these conditions has a sighiflcantly greater role

_*~;T“_.
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s ahontbd operate dnopaeallel with Lhe nelwork o 350 by,
S Lhe capaeiby ot Lhe 330«ky pebuorias shanblgg Lhe
trancmiaslon off (90 Ky Lo comensueable with Jaos capacily,
the operating reprimes of the Dnels Basin == L'vov (H0-ky
power Lransmission line were provided jointly with the
ogeraling regimes of the 330-kv nelworks. : .

Analyslis of the capacity balances of the indlvidua?
regions of the OLS of the South for a period up to 1975-1978
shoved that: ) :

The valuc of the maximum balance retura flows over
the 750-kv line varies from L million kw (the section:
Dnepr -- Vinniitsa -- L'vov) to 2 million iw (the section
Donets Basin -- Dnepr);

The directing of the return flows over the year can
be stable (th2 Donets Basin -- Dnepr section) as well as
reversible (the section Dnepr -- Vinnitsa -~ L'vov);

Over time, ddoending upon the date and rate of com-
pleting the capacity, tne value and the direction of the
return flows according to tna sections can change, and here
it is expected that in the Doretsz Basin -- Dnepr sectlon,
the directing of the flow from ecast vo west will remein for
.& long period of time. :

The return flows change in time, in direction and
within broad limits, depending upon a comdination of a nunm-
ber of factors. An evaiuation of these racurn Ilouws oy
"probability metnods has shown the necessity of consldering
return flouws of not less than 1-1.5 million kw in the ca-
paeity and these may coincide in diréction and in time with
the balance return flows. '

Thus, on certain scctions of the TH0-kv power trans-

"mission line, 'in 1975-1978, there is a possibility that
[}

capacity return flows may arise of arounc 3 million rw.

Fig. 2 gives a duration disiribution of the.expected
capacity flows between the Donets Basin and the tnepr sys-
téms. From this grapnswe can see that return {lows of
2,000-3,000 Mwt are expected for only arcund 3 serceat of
the time, and from 1,000 to 2,000 Mwt, around 80 peicent
of the time. These datc have beon used as the basis of
determining the clectrical systems and the requirements

“upon stability and automation. .

]
[
W

]
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In the postemevgeney systow (acter the diseonneebion o (e i

upon LG than ordinary, namely maintaining the

placaed
praverr aesoeiabtlon ander o onumbeere o opepenling

“‘. (l"‘.

e i et o

PRy 1ine) . Phe Inercased domant upon Lhe sl ol foe Cunjre
ment in the glven instance are Juastifioed, sinee the operating
systoms under waleh the stabllity off the system In Lhe post- ,
emergency operations is achiecved solely by Lhe action of the
automatic eguipment are comparativsiy rare.

The table chows tnat the maximum capacity for the 330-kv
connections remazining in operation after the disconnecting or
the 750-kv VL vary for the three sectisns. This has been
causcd by the differing approach (o9 maintaining stapility with
the disconnzscting of the 7%0-kKv VL on the Donets Basin -- Dnogy
scction and on the Dnepr -- Vinnitsa -- L'vov sections.

Doncts bnepy -- Vinnitsa
Basin -~ Vinnitsa -- L'vov
Dnepr :
Kumber of 330-kv chunting . \..
connections on scetion . 5 3 3 .
Total maximum transmitiable . : ;
capacity over the 330-kv
lines with the disconnect- : ‘
‘ing of the 750-kv VL on |
this section, Mwt .- 3,900 1,800 1,800
Same in percent of total ' .
~limit of transmittable
capacity with connected |
750-kv VL ' hn 45 55

On the Donets Basin -- Dnepr section (sufficiently
poverful shunting 330-Kv connections) for preventing a dis-
turbance of stabilily with Lhe2 disconnccting of tne 750-kv 7L,

there must be an unloading of transmissiun which can be
achiecved by the high-speed emergency conbieals and by limiting
the capacity or the thermal power plants (Donbasscnergo (Lonets
Basin Power Association]) and simuliarncousliy by disconnorbing
(Dneproenergo [Dnepr Power Association]) tne cansumers whizn
scan allow a brief interruption in powar. IL is most advizabic
to shut down the leoad and unload the slant t2 the same degrac.
Hlere, the reduction in the power transmitfad on this sectlion
docs not inriuence the operating regime of the adjacent sou-
tions and thne frequency of the power ascoziation.

Power transmission
section

.';
)
_,}
s

DI U 8 A i . ot
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It is advisable to 1limit the power on the 330-kv lines

in several stages (for uxample, by 400, 830 and 1,200 Mwt) in
' -16- : .. ., §
~ ' ° J ' * . é
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Thulling Jown Lhe f00=kv Vi, depopddng apone L preceading
capuacliy Toir Lhe (MO=kv VL, L Lhe neeoussaory quanlily ol
load permitting an Inteeruplion i p